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APOLLO: A RETROSPECTlVE ANALYSIS 

PREFACE 

The program to land an American on the Moon and return safely to Earth in the 1960s has been called by 
some observers a defining event of the twentieth century. Pulitzer Prize-winning historian Arthur M. 
Schlesinger, Jr., even suggested that when Americans two centuries hence study the twentieth century, they will 
view the Apollo lunar landing as the critical event of the century. While that conclusion might be premature, 
there can be little doubt but that the flight of Apollo 11 in particular and the overall Apollo program in general 
was a high point in humanity’s quest to explore the universe beyond Earth. 

Since the completion of Project Apollo more than twenty years ago there have been a plethora of books, stud- 
ies, reports, and articles about its origin, execution, and meaning. At the time of the twenty-fifth anniversary of 
the first landing, it is appropriate to reflect on the effort and its place in U.S. and NASA history. This monograph 
has heen written 2s 2 means to this end. It presents a short nzmtive ~ c c ~ u n t  nf Apo!!o frcm its origin through its 
assessment. That is followed by a mission by mission summary of the Apollo flights and concluded by a series 
of key documents relative to the program reproduced in facsimile. The intent of this monograph is to provide a 
basic history along with primary documents that may be useful to NASA personnel and others desiring informa- 
tion about Apollo. 

The author would like to acknowledge the assistance of those individuals who aided in the preparation of 
this monograph. Lee D. Saegesser, William S. Skerrett, and Jennifer M. Hopkins were instrumental in obtain- 
ing documents and photographs used in this study; J.D. Hunley edited and critiqued the text; Patricia Shephard 
helped prepare the manuscript; the staffs of the NASA Headquarters Library and the Scientific and Technical 
Information Program provided assistance in locating materials; Ellwood Anaheim laid out the monograph; and 
the NASA Headquarters Printing and Graphics Office handled printing. Portions of the manuscript have been 
published in a different form in Roger D. Launius, NASA: A History of the U.S. Civil Space Program (1994), 
and Space Flight: The First Thirty Years (1 99 1). 

This is the third publication in a new series of special studies prepared by the NASA History Office. The 
MONOGRAPHS IN AEROSPACE HISTORY series is designed to provide a wide variety of studies relative to 
the history of aeronautics and space. This series’ publications are intended to be tightly focused in terms of 
subject, relatively short in length, and reproduced in an inexpensive format to allow timely and broad dissemi- 
nation to researchers in aerospace history. Suggestions for additional publications in the MONOGRAPHS IN 
AEROSPACE HISTORY series are welcome. 

ROGER D. LAUNIUS 
July 1994 
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Special thanks go to a variety of people who helped make this publication possible. First, thanks to Nadine 
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APOLLO 
A RETROSPECTIVE ANALYSIS -- 

INTRODUCTION 

On 25 May 1961 President John E Kennedy an- 
nounced to the nation a goal of sending an American 
safely to the M o m  before the end of the decade. This 
decision involved much study and review prior to 
making it public, and tremendous expenditure and 
effort to make it a reality by 1969. Only the building of 
the Panama Canal rivaled the Apollo program’s size as 
the largest non-military technological endeavor ever 
undertaken by the United States; only the Manhattan 
Project was comparable in a wartime setting. The hu- 
man spaceflight imperative was a direct outgrowth of it; 
Projects Mercury (at least in its latter stages), Gemini, 
and Apollo were each designed to execute it. It was 
finally successfully accomplished on 20 July 1969, 
when Apollo ZZ’s astronaut Neil Armstrong left the 
Lunar Module and set foot on the surface of the Moon. 

THE KENNEDY PERSPECTIVE ON SPACE 

In 1960 John E Kennedy, a Senator from Massa- 
chusetts between 1953 and 1960, ran for president as 
the Democratic candidate, with party wheelhorse 
Lyndon B. Johnson as his running mate. Using the 
slogan, “Let’s get this country moving again,” Kennedy 
charged the Republican Eisenhower Administration 
with doing nothing about the myriad social, economic, 
and international problems that festered in the 1950s. 
He was especially hard on Eisenhower’s record in 
international relations, taking a Cold Warrior position 
on a supposed “missile gap” (which turned out not to 
be the case) wherein the United States lagged far 
behind the Soviet Union in ICBM technology. He also 
invoked the Cold War rhetoric opposing a communist 
effort to take over the world and used as his evidence 
the 1959 revolution in Cuba that brought leftist dicta- 
tor Fidel Castro to power. The Republican candidate, 
Richard M. Nixon, who had been Eisenhower’s Vice 
President tried to defend his mentor’s record but when 
the results were in Kennedy was elected by a narrow 
margin of 118,550 out of more than 68 million popular 
votes cast.’ 

Kennedy as president had little direct interest in 
the U.S. space program. He was not a visionary enrap- 
tured with the romantic image of the last American 
frontier in space and consumed by the adventure of 
exploring the unknown. He was, on the other hand, a 
Cold Warrior with a keen sense of Realpolitik in foreign 
affairs, and worked hard to maintain balance of 
power and spheres of influence in AmericadSoviet 
relations. The Soviet Union’s non-military accom- 
plishments in space, therefore, forced Kennedy to 
respond and to serve notice that the U.S. was every bit 
as capable in the space arena as the Soviets. Of course, 
to prove this fact, Kennedy had to be willing to commit 
national resources to NASA and the civil space pro- 
gram. The Cold War realities of the time, therefore, 
served as the primary vehicle for an expansion of 
NASA’s activities and for the definition of Project 
Apollo as the premier civil space effort of the nation. 
Even more significant, from Kennedy’s perspective 
the Cold War necessitated the expansion of the mili- 
tary space program, especially the development of 
ICBMs and satellite reconnaissance systems.* 

While Kennedy was preparing to take oflice, he 
appointed an ad hoc committee headed by Jerome B. 
Wiesner of the Massachusetts Institute of Technology 
to offer suggestions for American efforts in space. 
Wiesner, who later headed the President’s Science 
Advisory Committee (PSAC) under Kennedy, con- 
cluded that the issue of “national prestige” was too 
great to allow the Soviet Union leadership in space 
efforts, and therefore the U.S. had to enter the field in a 
substantive way. “Space exploration and exploits,” 
he wrote in a 12 January 1961 report to the president- 
elect, “have captured the imagination of the peoples of 
the world. During the next few years the prestige of the 
United States will in part be determined by the leader- 
ship we demonstrate in space activities.” Wiesner also 
emphasized the importance of practical non-military 
applications of space technology-communications, 
mapping, and weather satellites among others-and 
the necessity of keeping up the effort to exploit space 
for national security through such technologies as 
ICBMs and reconnaissance satellites. He tended to 
deemphasize the human spaceflight initiative for very 
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practical reasons. American launch vehicle technol- 
ogy, he argued, was not well developed and the poten- 
tial of placing an astronaut in space before the Soviets 
was slim. He thought human spaceflight was a high- 
risk enterprise with a low chance of success. Human 
spaceflight was also less likely to yield valuable scien- 
tific results than, and the U.S., Wiesner thought, should 
play to its strength in space science where important 
results had already been achieved.3 

Kennedy only accepted part of what Wiesner 
recommended. He was committed to conducting a 
more vigorous space program than had been 
Eisenhower, but he was more interested in human 
spaceflight than either his predecessor or his science 
advisor. This was partly because of the drama 
surrounding Project Mercury and the seven astronauts 
that NASA was training.4 Wiesner had cautioned 
Kennedy about the hyperbole associated with human 
spaceflight. “Indeed, by having placed the highest 
national priority on the MERCURY program we have 
strengthened the popular belief that man in space is the 
most important aim for our non-military space effort,” 
Wiesner wrote. “The manner in which this program 
has been publicized in our press has further crystallized 
such belief.”s Kennedy, nevertheless, recognized the 
tremendous public support arising from this program 
and wanted to ensure that it reflected favorably upon 
his administration. 

But it was a risky enterprise-what if the Soviets 
were first to send a human into space? what if an 
astronaut was killed and Mercury was a failure?-and 
the political animal in Kennedy wanted to minimize 
those risks. The earliest Kennedy pronouncements 
relative to civil space activity directly addressed these 
hazards. He offered to cooperate with the Soviet Union, 
still the only other nation involved in launching satel- 
lites, in the exploration of space. In his inaugural 
address in January 1961 Kennedy spoke directly to 
Soviet Premier Nikita Khrushchev and asked him to 
cooperate in exploring “the stars.”6 In his State of the 
Union address ten days later, he asked the Soviet 
Union “to join us in developing a weather prediction 
program, in a new communications satellite program, 
and in preparation for probing the distant planets of 
Mars and Venus, probes which may someday unlock 
the deepest secrets of the Universe.” Kennedy also 
publicly called for the peaceful use of space, and the 
limitation of war in that new environment.’ 

In making these overtures Kennedy accomplished 
several important political ends. First, he appeared to 
the world as the statesman by seeking friendly coop- 
eration rather than destructive competition with the 

Soviet Union, knowing full well that there was little 
likelihood that Khrushchev would accept his offer. 
Conversely, the Soviets would appear to be monop- 
olizing space for their own personal. and presumably 
military, benefit. Second, he minimized the goodwill 
that the Soviet Union enjoyed because of its own 
success in space vis-&-vis the U.S. Finally, if the Soviet 
Union accepted his call for cooperation, it would 
tacitly be recognizing the equality of the U.S. in space 
activities, something that would also look very good 
on the world stage.* 

THE SOVIET CHALLENGE RENEWED 

Had the balance of power and prestige between the 
United States and the Soviet Union remained stable in 
the spring of 1961, it is quite possible that Kennedy 
would never have advanced his Moon program and the 
direction of American space efforts might have taken 
a radically different course. Kennedy seemed quite 
happy to allow NASA to execute Project Mercury at a 
deliberate pace, working toward the orbiting of an 
astronaut sometime in the middle of the decade, and to 
build on the satellite programs that were yielding 
excellent results both in terms of scientific knowledge 
and practical application. Jerome Wiesner reflected: 
“If Kennedy could have opted out of a big space 
program without hurting the country in his judgment, 
he would have.”9 

Firm evidence for Kennedy’s essential unwilling- 
ness to commit to an aggressive space program came 
in March 1961 when the NASA Administrator, James 
E. Webb, submitted a request that greatly expanded his 
agency’s fiscal year 1962 budget so as to permit a 
Moon landing before the end of the decade. While the 
Apollo lunar landing program had existed as a longterm 
goal of NASA during the Eisenhower administration, 
Webb proposed greatly expanding and accelerating it. 
Kennedy’s budget director, David E. Bell, objected to 
this large increase and debated Webb on the merits of an 
accelerated lunar landing program. In the end the pres- 
ident was unwilling to obligate the nation to a much 
bigger and more costly space program. Instead, in good 
political fashion, he approved a modest increase in the 
NASA budget to allow for development of the big 
launch vehicles that would eventually be required to 
support a Moon landing.I0 

A slow and deliberate pace might have remained 
the standard for the U.S. civil space effort had not two 
important events happened that forced Kennedy to act. 
The Soviet Union’s space effort counted coup on the 
United States one more time not long after the new 
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president took office. On 12 April 1961 Soviet 
Cosmonaut Yuri Gagarin became the first human in 
space with a one-orbit mission aboard the spacecraft 
Vostok I .  The chance to place a human in space before 
the Soviets did so had now been lost. The great success 
of that feat made the gregarious Gagarin a global hero, 
and he was an effective spokesman for the Soviet 
Union until his death in 1967 from an unfortunate 
aircraft accident. It was only a salve on an open wound, 
therefore, when Alan Shepard became the first 
American in space during a 15-minute suborbital flight 
on 5 May 1961 by riding a Redstone booster in his 
Freedom 7 Mercury spacecraft.11 

Comparisons between the Soviet and American 
flights were inevitable afterwards. Gagarin had flown 
around the Earth; Shepard had been the cannonball 
shot from a gun. Gagarin’s Vostok spacecraft had 
weighed 10,428 pounds; Freedom 7 weighed 2,100 
pounds. Gagarin had been weightless for 89 minutes; 
Shepard for only 5 minutes. “Even though the United 
States is still the strongest military power and leads in 
many aspects of the space race,” wrote journalist 
Hanson Baldwin in the New York Times not long after 
Gagarin’s flight, “the world-impressed by the spectac- 
ular Soviet firsts-believes we lag militarily and tech- 
nologically.”l* By any unit of measure the U.S. had not 
demonstrated technical equality with the Soviet Union, 
and that fact worried national leaders because of what 
it would mean in the larger Cold War environment. 
These apparent disparities in technical competence had 
to be addressed, and Kennedy had to find a way to 
reestablish the nation’s credibility as a technological 
leader before the world. 

Close in the wake of the Gagarin achievement, the 
Kennedy Administration suffered another devastating 
blow in the Cold War that contributed to the sense that 
action had to be taken. Between 15 and 19 April 1961 
the administration supported the abortive Bay of Pigs 
invasion of Cuba designed to overthrow Castro. 
Executed by anti-Castro Cuban refugees armed and 
trained by the CIA, the invasion was a debacle almost 
from the beginning. It was predicated on an assumption 
that the Cuban people would rise up to welcome the 
invaders and when that proved to be false, the attack 
could not succeed. American backing of the invasion 
was a great embarrassment both to Kennedy personally 
and to his administration. It damaged U.S. relations 
with foreign nations enormously, and made the commu- 
nist world look all the more invincible.13 

While the Bay of Pigs invasion was never men- 
tioned explicitly as a reason for stepping up U.S. efforts 
in space, the international situation certainly played a 
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role as Kennedy scrambled to recover a measure of 
national dignity. Wiesner reflected, “I don’t think any- 
one can measure it, but I’m sure it [the invasion] had an 
impact. I think the President felt some pressure to get 
something else in the foreground.”ll T. Keith Glennan, 
NASA Administrator under Eisenhower, immediately 
linked the invasion and the Gagarin flight together as 
the seminal events leading to Kennedy’s announcement 
of the Apollo decision. He confided in his diary that “In 
the aftermath of that [Bay of Pigs] fiasco. and because 
of the successful orbiting of astronauts by the Soviet 
Union, it is my opinion that Mr. Kennedy asked for a 
ree\la!uatis:: of the zatial’s space prqprn.”!5 

REEVALUATING NASA’s PRIORITIES 

Two days after the Gagarin flight on 12 April, 
Kennedy discussed once again the possibility of a 
lunar landing program with Webb, but the NASA 
head’s conservative estimates of a cost of more than 

$20 billion for the project was too steep and Kennedy 
delayed making a decision. A week later, at the time of 
the Bay of Pigs invasion, Kennedy called Johnson, 
who headed the National Aeronautics and Space 
Council, to the White House to discuss strategy for 
catching up with the Soviets in space. Johnson agreed 
to take the matter up with the Space Council and to rec- 
ommend a course of action. It is likely that one of the 
explicit programs that Kennedy asked Johnson to con- 
sider was a lunar landing program, for the next day, 20 
April 1961, he followed up with a memorandum to 
Johnson raising fundamental questions about the proj- 
ect. In particular, Kennedy asked 

Do we have a chance of beating the Soviets by 
putting a laboratory in space, or by a trip 
around the moon, or by a rocket to go to the 
moon and back with a man? Is there any other 
space program that promises dramatic results 
in which we could win?l6 
While he waited for the results of Johnson’s inves- 

tigation, this memo made it clear that Kennedy had a 
pretty good idea of what he wanted to do in space. He 
confided in a press conference on 21 April that he was 
leaning toward committing the nation to a large-scale 
project to land Americans on the Moon. “If we can get 
to the moon before the Russians, then we should,” he 
said, adding that he had asked his vice president to 
review options for the space program.17 This was the 
first and last time that Kennedy said anything in public 
about a lunar landing program until he officially 
unveiled the plan. It is also clear that Kennedy 
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approached the lunar landing effort essentially as a 
response to the competition between the U.S. and the 
U.S.S.R. For Kennedy the Moon landing program, con- 
ducted in the tense Cold War environment of the early 
1960s, was a strategic decision directed toward advanc- 
ing the far-flung interests of the United States in the 
international arena. It aimed toward recapturing the 
prestige that the nation had lost as a result of Soviet suc- 
cesses and U.S. failures. It was, as political scientist 
John M. Logsdon has suggested, “one of the last major 
political acts of the Cold War. The Moon Project was 
chosen to symbolize U.S. strength in the head-to-head 
global competition with the Soviet Union.”l8 

Lyndon Johnson probably understood these cir- 
cumstances very well, and for the next two weeks his 
Space Council diligently considered, among other 
possibilities, a lunar landing before the Soviets. As early 
as 22 April, NASA’s Deputy Administrator Hugh L. 
Dryden had responded to a request for information 
from the National Aeronautics and Space Council 
about a Moon program by writing that there was “a 
chance for the U.S. to be the first to land a man on the 
moon and return him to earth if a determined national 
effort is made.” He added that the earlicst this fcat 
could be accomplished was 1967, but that to do so 
would cost about $33 billion, a figure $ 1  0 billion more 
than the whole projected NASA budget for the next ten 
years.19 A week later Wemher von Braun, director of 
NASA’s George C. Marshall Space Flight Center at 
Huntsville, Alabama, and head of the big booster pro- 
gram needed for the lunar effort, responded to a similar 
request for information from Johnson. He told the vice 
president that “we have a sporting chance of sending a 
3-man crew around the moon ahead of 
the Soviets” and “an excellent chance of beating the 
Soviets to the first landing of a crew on the moon 
(including return capability, of course.)” He added that 
“with an all-out crash program” the U.S. could achieve 
a landing by 1967 or 1968.20 

After gaining these technical opinions, Johnson 
began to poll political leaders for their sense of the 
propriety of committing the nation to an accelerated 
space program with Project Apollo as its centerpiece. 
He brought in Senators Robert Kerr (D-OK) and 
Styles Bridges (R-NH) and spoke with several 
Rcprcscntatives to ascefiai:: if they were willing to 
support an accelerated space program. While only a 
few were hesitant, Robert Kerr worked to allay their 
concerns. He called on James Webb, who had worked 
for his business conglomerate during the 1950s, to 
give him a straight answer about the project’s feasibil- 
ity. Kerr told his congressional colleagues that Webb 

was enthusiastic about the program and “that if Jim 
Webb says we can a land a man on the moon and bring 
him safely home, then it can be done.” This endorse- 
ment secured considerable political support for the 
lunar project. Johnson also met with several business- 
men and representatives from the aerospace industry 
and other government agencies to ascertain the con- 
sensus of support for a new space initiative. Most of 
them also expressed support.21 

Air Force General Bernard A. Schriever, com- 
mander of the Air Force Systems Command that 
developed new technologies, expressed the sentiment 
of many people by suggesting that an accelerated 
lunar landing effort “would put a focus on our space 
program.” He believed it was important for the U.S. to 
build international prestige and that the return was 
more than worth the price to be paid.22 Secretary of 
State Dean Rusk, a member of the Space Council, was 
also a supporter of the initiative because of the Soviet 
Union’s image in the world. He wrote to the Senate 
Space Committee a little later that “We must respond 
to their conditions; otherwise we risk a basic misun- 
derstanding on the part of the uncommitted countries, 
the Soviet Union, and possibly our allies concerning 
the direction in which power is moving and where 
long-term advantage lies.”’3 It was clear early in these 
deliberations that Johnson was in favor of an expanded 
space program in general and a maximum effort to 
land an astronaut on thc Moon. Whenever he heard 
reservations Johnson used his forceful personality to 
persuade. “Now,” he asked, “would you rather have us 
be a second-rate nation or should we spend a little 
money?”?? 

In an interim report to the president on 28 April 
1961, Johnson concluded that “The U.S. can, if it will, 
firm up its objectives and employ its resources with a 
reasonable chance of attaining world leadership in 
space during this decade,” and recommended commit- 
ting the nation to a lunar landing25 In this exercise 
Johnson had built, as Kennedy had wanted, a strong 
justification for undertaking Project Apollo but 
he had also moved on to develop a greater consensus 
for the objective among key government and business 
leaders. 

THE NASA POSITION 

While NASA’s leaders were generally pleased with 
the course Johnson was recommending-they recog- 
nized and mostly agreed with the political reasons for 
adopting a determined lunar landing program-they 
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wanted to shape it as much as possible to the agency’s 
particular priorities. NASA Administrator James Webb, 
well known as a skilled political operator who could 
seize an opportunity, organized a short-term effort to 
accelerate and expand a long-range NASA master 
plan for space exploration. A fundamental part of 
this effort addressed a legitimate concern that the 
scientific and technological advancements for which 
NASA had been created not be eclipsed by the political 
necessities of international rivalries. Webb conveyed the 
concern of the agency’s technical and scientific com- 
munity to Jerome Wiesner on 2 May 1961, noting that 
“the most careful consideration must be given to the 
scientific and technological components of the total 

and to our own nation of a program that has real 
value and validity and from which solid additions to 
knowledge can be made, even if every one of the spe- 
cific so-called ‘spectacular’ flights or events are done 
after they have been accomplished by the Russians.” He 
asked that Wiesner help him “make sure that this com- 
ponent of solid, and yet imaginative, total scientific and 
technological value is built in.”26 

Partly in response to this concern, Johnson asked 
NASA to provide for him a set of specific recommen- 
dations on how a scientifically-viable Project Apollo, 
would be accomplished by the end of the decade. What 
emerged was a comprehensive space policy planning 
document that had the lunar landing as its centerpiece 
but that attached several ancillary funding items to 
enhance the program’s scientific value and advance 
space exploration on a broad front: 

1. Spacecraft and boosters for the human flight to 

2. Scientific satellite probes to survey the Moon. 
3. A nuclear rocket. 
4. Satellites for global communications. 
5. Satellites for weather observation. 
6. Scientific projects for Apollo landings. 

Johnson accepted these recommendations and passed 
them to Kennedy who approved the overall plan.27 

The last major area of concern was the timing for 
the Moon landing. The original NASA estimates had 
given a target date of 1967, but as the project became 
more crystallized agency leaders recommended not 
committing to such a strict deadline.28 James Webb, 
realizing the problems associated with meeting target 
dates based on NASA’s experience in space flight, sug- 
gested that the president commit to a landing by the end 
of the decade, giving the agency another two years to 
solve any problems that might arise. The White House 
accepted this proposal.29 

I 

1 
, program and how to present the picture to the world 

I 

I 

I 

I 

the Moon. 

DECISION 

President Kennedy unveiled the commitment to 
execute Project Apollo on 25 May 1961 in a speech on 
“Urgent National Needs,” billed as a second State of the 
Union message. He told Congress that the U.S. faced 
extraordinary challenges and needed to respond 
extraordinarily. In announcing the lunar landing com- 
mitment he said: 

If we are to win the battle that is going on 
around the world between freedom and tyranny, 
if we are to win the battle for men’s minds, the 

occurred in recent weeks should have made 
clear to us all, as did the Sputnik in 1957, the 
impact of this adventure on the minds of men 
everywhere who are attempting to make a deter- 
mination of which road they should take . . . 
We go into space because whatever mankind 
must undertake, free men must fully share. 

Then he added: “I believe this Nation should commit- 
ment itself to achieving the goal, before this decade is 
out, of landing a man on the moon and returning him 
safely to earth. No single space project in this period 
will be more impressive to mankind, or more important 
for the long-range exploration of space; and none will 
be so difficult or expensive to accomplish.”3~ 

dramatic achievemcnts in space which 

AN ASSESSMENT OF THE DECISION 

The President had correctly gauged the mood of 
the nation. His commitment captured the American 
imagination and was met with overwhelming support. 
No one seemed concerned either about the difficulty 
or about the expense at the time. Congressional debate 
was perfunctory and NASA found itself literally press- 
ing to expend the funds committed to it during the 
early 1960s. Like most political decisions, at least in 
the U.S. experience, the decision to carry out Project 
Apollo was an effort to deal with an unsatisfactory sit- 
uation (world perception of Soviet leadership in space 
and technology). As such Apollo was a remedial 
action ministering to a variety of political and emo- 
tional needs floating in the ether of world opinion. 
Apollo addressed these problems very well, and was a 
worthwhile action if measured only in those terms. In 
announcing Project Apollo Kennedy put the world on 
notice that the U.S. would not take a back seat to its 
superpower rival. John Logsdon commented: “By 
entering the race with such a visible and dramatic 
commitment, the United States effectively undercut 
Soviet space spectaculars without doing much except 
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President John E Kennedy addressing a joint session of Congress on 25 May 1961, on “Urgent National Needs.” In this speech he 
announced the Apollo decision to land an American safely on the Moon before the end of the decade. NASA Photo #70-H-1075. 

announcing its intention to join the contest.”3l It was 
an effective symbol, just as Kennedy had intended. 

It also gave the U.S. an opportunity to shine. The 
lunar landing was so far beyond the capabilities of 
either the United States or the Soviet Union in 1961 
that the early lead in space activities taken by the 
Soviets would not predetermine the outcome. It gave 
the U.S. a reasonable chance of overtaking the Soviet 
Union in space activities and recovering a measure of 
lost status. 

Even though Kennedy’s political objectives were 
essentially achieved with the decision to go to the 
Moon, there were other aspects of the Apollo commit- 
ment that require assessment. Those who wanted to 
see a vigorous space program, a group led by NASA 
scientists and engineers, obtained their wish with 
Kennedy’s announcement. An opening was present to 
this group in 196 1 that had not existed at any time dur- 
ing the Eisenhower Administration, and they made the 

most of it. They inserted into the overall package sup- 
porting Apollo additional programs that they believed 
would greatly strengthen the scientific and technolog- 
ical return on the investment to go to the Moon. In 
addition to seeking international prestige, this group 
proposed an accelerated and integrated national space 
effort incorporating both scientific and commercial 
components. 

In the end a unique confluence of political neces- 
sity, personal commitment and activism, scientific and 
technological ability, economic prosperity, and public 
mood made possible the 1961 decision to carry out a 
forward-looking lunar landing program. What perhaps 
should be suggested is that a complex web or system 
of ties between various people, institutions, and inter- 
ests allowed the Apollo decision.32 It then fell to 
NASA and other organizations of the Federal 
Government to accomplish the task set out in a few 
short paragraphs by President Kennedy. 
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GEARING UP FOR PROJECT APOLLO 

The first challenge NASA leaders faced in meet- 
ing the presidential mandate was securing funding. 
While Congress enthusiastically appropriated funding 
for Apollo immediately after the president’s 
announcement, NASA Administrator James E. Webb 
was rightly concerned that the momentary sense of 
crisis would subside and that the political consensus 
present for Apollo in 1961 would abate. He tried, 
albeit without much success, to lock the presidency 
and the Congress into a long-term obligation to sup- 
nort r the pregrax. While they had made iZte!!ectual 
commitment, NASA’s leadership was concerned that 
they might renege on the economic part of the bargain 
at some future date.-’-’ 

Initial NASA estimates of the costs of Project 
Apollo were about $20 billion through the end of the 
decade, a figure approaching $150 billion in 1992 
when accounting for inflation. Webb quickly stretched 
those initial estimates for Apollo as far as possible, 
with the intent that even if NASA did not receive its 
full budget requests, as it did not during the latter half 
of the decade, it would still be able to complete 
Apollo. At one point in 1963, for instance, Webb came 
forward with a NASA funding projection through 
1970 for more than $35 billion. As it turned out Webb 
was able to sustain the momentum of Apollo through 
the decade, largely because of his rapport with key 
members of Congress and with Lyndon B. Johnson, 
who became president in November 1963.34 

Project Apollo, backed by sufficient funding, was 
the tangible result of an early national commitment in 
response to a perceived threat to the United States by 
the Soviet Union. NASA leaders recognized that while 
the size of the task was enormous, it was still techno- 
logically and financially within their grasp, but they 
had to move forward quickly. Accordingly, the space 
agency’s annual budget increased from $500 million 
in 1960 to a high point of $5.2 billion in 1965.35 The 
NASA funding level represented 5.3 percent of the 
federal budget in 1965. A comparable percentage of 
the $1.23 trillion Federal budget in 1992 would have 
equaled more than $65 billion for NASA, whereas the 
agency’s actual budget then stood at less than 
$15 billion. 

Out of the budgets appropriated for NASA each 
year approximately 50 percent went directly for 
human spaceflight, and the vast majority of that went 
directly toward Apollo. Between 1959 and 1973 NASA 
spent more than $25 billion on human spaceflight, 
exclusive of infrastructure and support, of which nearly 
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$20 billion was for Apollo.36 In addition, Webb sought 
to expand the definition of Project Apollo beyond just 
the mission of landing humans on the Moon. As a 
result even those projects not officially funded under 
the Apollo line item could be justified as supporting 
the mission, such as the Ranger, Lunar Orbiter, and 
Surveyor satellite probes. 

For seven years after Kennedy’s Apollo decision, 
through October 1968, James Webb politicked, 
coaxed, cajoled, and maneuvered for NASA in 
Washington. A longtime Washington insider-the for- 
mer director of the Bureau of the Budget and 
1 Jndersecretary nf State d ~ r i n g  the Truman 
Administration-he was a master at bureaucratic pol- 
itics, understanding that it was essentially a system of 
mutual give and take. For instance, while the native 
North Carolinian may also have genuinely believed in 
the Johnson Administration’s Civil Rights bill that 
went before Congress in 1964, as a personal favor to 
the President he lobbied for its passage on Capitol 
Hill. This secured for him Johnson’s gratitude, which 
he then use to secure the administration’s backing of 
NASA’s initiatives. In addition, Webb wielded the 
money appropriated for Apollo to build up a con- 
stituency for NASA that was both powerful and vocal. 
This type of gritty pragmatism also characterized 
Webb’s dealings with other government officials and 
members of Congress throughout his tenure as admin- 
istrator. When give and take did not work, as was the 
case on occasion with some members of Congress, 
Webb used the presidential directive as a hammer to 
get his way. Usually this proved successful. After 
Kennedy’s assassination in 1963, moreover, he some- 
times appealed for continued political support for 
Apollo because it represented a fitting tribute to the 
fallen leader. In the end, through a variety of methods 
Administrator Webb built a seamless web of political 
liaisons that brought continued support for and 
resources to accomplish the Apollo Moon landing on 
the schedule Kennedy had announced.37 

Funding was not the only critical component for 
Project Apollo. To realize the goal of Apollo under the 
strict time constraints mandated by the president, per- 
sonnel had to be mobilized. This took two forms. First, 
by 1966 the agency’s civil service rolls had grown to 
36,000 people from the 10,000 employed at NASA in 
1960. Additionally, NASA’s leaders made an early 
decision that they would have to rely upon outside 
researchers and technicians to complete Apollo, and 
contractor employees working on the program 
increased by a factor of 10, from 36,500 in 1960 to 
376,700 in 1965. Private industry, research institu- 
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tions, and universities, therefore, provided the majority 
of personnel working on Apollo.38 

To incorporate the great amount of work under- 
taken for the project into the formal bureaucracy never 
seemed a particularly savvy idea, and as a result dur- 
ing the 1960s somewhere between 80 and 90 percent 
of NASA’s overall budget went for contracts to pur- 
chase goods and services from others. Although the 
magnitude of the endeavor had been much smaller 
than with Apollo, this reliance on the private sector 
and universities for the bulk of the effort originated 
early in NASA’s history under T. Keith Glennan, in 
part because of the Eisenhower Administration’s mis- 
trust of large government establishments. Although 
neither Glennan’s successor, nor Kennedy shared that 
mistrust, they found that it was both good politics and 
the best way of getting Apollo done on the presiden- 
tially-approved schedule. It was also very nearly the 
only way to harness talent and institutional resources 
already in existence in the emerging aerospace indus- 
try and the country’s leading research universities.3’ 

In addition to these other resources, NASA moved 
quickly during the early 1960s to expand its physical 
capacity so that it could accomplish Apollo. In 1960 
the space agency consisted of a small headquarters in 
Washington, its three inherited NACA research cen- 
ters, the Jet Propulsion Laboratory, the Goddard Space 
Flight Center, and the Marshall Space Flight Center. 
With the advent of Apollo, these installations grew 
rapidly. In addition, NASA added three new facilities 
specifically to meet the demands of the lunar landing 
program. In 1962 it created the Manned Spacecraft 
Center (renamed the Lyndon B. Johnson Space Center 
in 1973), near Houston, Texas, to design the Apollo 
spacecraft and the launch platform for the lunar lan- 
der. This center also became the home of NASA’s 
astronauts and the site of mission control. NASA then 
greatly expanded for Apollo the Launch Operations 
Center at Cape Canaveral on Florida’s eastern sea- 
coast. Renamed the John F. Kennedy Space Center on 
29 November 1963, this installation’s massive and 
expensive Launch Complex 39A was the site of the 
Apollo 11 launch. Additionally, the spaceport’s Vehi- 
cle Assemble Building was a huge and expensive 36- 
story structure where the SaturdApollo rockets were 
assembled. Finally, to support the development of the 
Saturn launch vehicle, in October 1961 NASA created 
on a deep south bayou the Mississippi Test Facility, 
renamed the John C. Stennis Space Center in 1988. 
The cost of this expansion was great, more than 2.2 
billion over the decade, with 90 percent of it expended 
before 1966.40 

THE PROGRAM MANAGEMENT CONCEPT 

The mobilization of resources was not the only 
challenge facing those charged with meeting President 
Kennedy’s goal. NASA had to meld disparate institu- 
tional cultures and approaches into an inclusive organ- 
ization moving along a single unified path. Each 
NASA installation, university, contractor, and research 
facility had differing perspectives on how to go about 
the task of accomplishing Apoll0.4I To bring a sem- 
blance of order to the program, NASA expanded the 
“program management” concept borrowed by T. Keith 
Glennan in the late 1950s from the militaryhndustrial 
complex, bringing in military managers to oversee 
Apollo. The central figure in this process was U.S. Air 
Force Major General Samuel C. Phillips, the architect 
of the Minuteman ICBM program before coming to 
NASA in 1962. Answering directly to the Office of 
Manned Space Flight at NASA headquarters, which in 
turn reported to the NASA administrator, Phillips cre- 
ated an omnipotent program office with centralized 
authority over design, engineering, procurement, test- 
ing, construction, manufacturing, spare parts, logis- 
tics, training, and operations.4’ 

One of the fundamental tenets of the program 
management concept was that three critical factors- 
cost, schedule, and reliability-were interrelated and 
had to be managed as a group. Many also recognized 
these factors’ constancy; if program managers held 
cost to a specific level, then one of the other two fac- 
tors, or both of them to a somewhat lesser degree, 
would be adversely affected. This held true for the 
Apollo program. The schedule, dictated by the presi- 
dent, was firm. Since humans were involved in the 
flights, and since the president had directed that the 
lunar landing be conducted safely, the program man- 
agers placed a heavy emphasis on reliability. 
Accordingly, Apollo used redundant systems exten- 
sively so that failures would be both predictable and 
minor in result. The significance of both of these fac- 
tors forced the third factor, cost, much higher than 
might have been the case with a more leisurely lunar 
program such as had been conceptualized in the latter 
1950s. As it was, this was the price paid for success 
under the Kennedy mandate and program managers 
made conscious decisions based on a knowiedge of 
these factors.43 

The program management concept was recog- 
nized as a critical component of Project Apollo’s suc- 
cess in November 1968, when Science magazine, the 
publication of the American Association for the 
Advancement of Science, observed: 
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variety of issues associated with Apollo. For instance, 
the scientists disliked having to configure payloads so 
that they could meet time, money, or launch vehicle 
constraints. The engineers, likewise, resented changes 
to scientific packages added after project definition 
because these threw their hardware efforts out of kil- 
ter. Both had valid complaints and had to maintain an 
uneasy cooperation to accomplish Project Apollo. 

The scientific and engineering communities within 
NASA, additionally, were not monolithic, and differ- 
ences among them thrived. Add to these groups repre- 
sentatives from industry, universities, and research 
facilities. and competition on all levels to further their 
own scientific and technical areas was the result. The 
NASA leadership generally viewed this pluralism as a 
positive force within the space program, for it ensured 
that all sides aired their views and emphasized the hon- 
ing of positions to a fine edge. Competition, most peo- 
ple concluded, made for a more precise and viable 
space exploration effort. There were winners and losers 
in this strife, however, and sometimes ill-will was har- 
bored for years. Moreover, if the conflict became too 
great and spilled into areas where it was misunderstood, 
it could be devastating to the conduct of the lunar pro- 
gram. The head of the Apollo program worked hard to 
keep these factors balanced and to promote order so that 
NASA could accomplish the presidential directive.46 

Another important management issue arose from 
the agency’s inherited culture of in-house research. 
Because of the magnitude of Project Apollo, and its 
time schedule, most of the nitty-gritty work had to be 
done outside NASA by means of contracts. As a result, 
with a few important exceptions, NASA scientists and 
engineers did not build flight hardware, or even oper- 
ate missions. Rather, they planned the program, pre- 
pared guidelines for execution, competed contracts, 
and oversaw work accomplished elsewhere. This 
grated on those NASA personnel oriented toward 
research, and prompted disagreements over how to 
carry out the lunar landing goal. Of course, they had 
reason for complaint beyond the simplistic argument 
of wanting to be “dirty-handed” engineers; they had to 
have enough in-house expertise to ensure program 
accomplishment. If scientists or engineers did not 
have a professional competence on a par with the 
individuals actually doing the work, how could they 
oversee contractors actually creating the hardware and 
performing the experiments necessary to meet the rig- 
ors of the mission?47 

One anecdote illustrates this point. The Saturn 
second stage was built by North American Aviation at 
its plant at Seal Beach, California, shipped to NASA’s 

In terms of numbers of dollars or of men, 
NASA has not been our largest national 
undertaking, but in terms of complexity, rate 
of growth, and technological sophistication it 
has been unique. . . It may turn out that [the 
space program’s] most valuable spin-off of all 
will be human rather than technological: bet- 
ter knowledge of how to plan, coordinate, and 
monitor the multitudinous and varied activi- 
ties of the organizations required to accom- 
plish great social undertakings44 

Understanding the management of complex structures 
for the successful completion of a multifarious task 
was an important outgrowth of the Apollo effort. 

This management concept under Phillips orches- 
trated more than 500 contractors working on both large 
and small aspects of Apollo. For example, the prime 
contracts awarded to industry for the principal compo- 
nents of just the Saturn V included the Boeing 
Company for the S-IC, first stage; North American 
Aviation-S-11, second stage; the Douglas Aircraft 
Corporation-S-IVB, third stage; the Rocketdyne 
Division of North American Aviation-J-2 and F-1 
engines; and International Business Machines (1BM)- 
Saturn instruments. These prime contractors, with more 
than 250 subcontractors, provided millions of parts and 
components for use in the Saturn launch vehicle, all 
meeting exacting specifications for performance and 
reliability. The total cost expended on development of 
the Saturn launch vehicle was massive, amounting to 
$9.3 billion. So huge was the overall Apollo endeavor 
that NASA’s procurement actions rose from roughly 
44,000 in 1960 to almost 300,000 by 1965.45 

Getting all of the personnel elements to work 
together challenged the program managers, regardless 
of whether or not they were civil service, industry, or 
university personnel. There were various communities 
within NASA that differed over priorities and competed 
for resources. The two most identifiable groups were 
the engineers and the scientists. As ideal types, engi- 
neers usually worked in teams to build hardware that 
could carry out the missions necessary to a successful 
Moon landing by the end of the decade. Their primary 
goal involved building vehicles that would function 
reliably within the fiscal resources allocated to Apollo. 
Again as ideal types, space scientists engaged in pure 
research and were more concerned with designing 
expcriments that would expand scientific knowledge 
about the Moon. They also tended to be individualists, 
unaccustomed to regimentation and unwilling to con- 
cede gladly the direction of projects to outside entities. 
The two groups contended with each other over a great 
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Marshall Space Flight Center, Huntsville, Alabama, 
and there tested to ensure that it met contract specifi- 
cations. Problems developed on this piece of the 
Saturn effort and Wernher von Braun began intensive 
investigations. Essentially his engineers completely 
disassembled and examined every part of every stage 
delivered by North American to ensure no defects. 
This was an enormously expensive and time-consum- 
ing process, grinding the stage’s production schedule 
almost to a standstill and jeopardizing the Presidential 
timetable. 

When this happened Webb told von Braun to 
desist, adding that “We’ve got to trust American indus- 
try.” The issue came to a showdown at a meeting where 
the Marshall rocket team was asked to explain its 
extreme measures. While doing so, one of the engi- 
neers produced a rag and told Webb that “this is what 
we find in this stuff.” The contractors, the Marshall 
engineers believed, required extensive oversight to 
ensure they produced the highest quality work. A com- 
promise emerged that was called the 10 percent rule: 
10 percent of all funding for NASA was to be spent to 
ensure in-house expertise and in the process check 
contractor reliability.‘? 

How DO WE GO TO THE MOON? 

One of the critical early management decisions 
made by NASA was the method of going to the Moon. 
No controversy in Project Apollo more significantly 
caught up the tenor of competing constituencies in 
NASA than this one. There were three basic approach- 
es that were advanced to accomplish the lunar mission: 

1. Direct Ascent called for the construc- 
tion of a huge booster that launched a space- 
craft, sent it on a course directly to the Moon, 
landed a large vehicle, and sent some part of it 
back to Earth. The Nova booster project, 
which was to have been capable of generating 
up to 40 million pounds of thrust, would have 
been able to accomplish this feat. Even if 
other factors had not impaired the possibility 
of direct ascent, the huge cost and technolog- 
ical sophistication of the Nova rocket quickly 
ruled out the option and resulted in cancella- 
tion of the project early in the 1060s despite 
the conceptual simplicity of the direct ascent 
method. The method had few advocates when 
serious planning for Apollo began. 

2. Earth-Orbit Rendezvous was the logical 
first alternative to the direct ascent approach. It 
called for the launching of various modules 

required for the Moon trip into an orbit above 
the Earth, where they would rendezvous, be 
assembled into a single system, refueled, and 
sent to the Moon. This could be accomplished 
using the Saturn launch vehicle already under 
development by NASA and capable of generat- 
ing 7.5 million pounds of thrust. A logical 
component of this approach was also the estab- 
lishment of a space station in Earth orbit to 
serve as the lunar mission’s rendezvous, 
assembly, and refueling point. In part because 
of this prospect, a space station emerged as part 
of the long-term planning of NASA as a jump- 
ing-off place for the exploration of space. This 
method of reaching the Moon, however, was 
also fraught with challenges, notably finding 
methods of maneuvering and rendezvousing in 
space, assembling components in a weightless 
environment, and safely refueling spacecraft. 

3.  Lunar-Orbit Rendezvous proposed 
sending the entire lunar spacecraft up in one 
launch. It would head to the Moon, enter into 
orbit, and dispatch a small lander to the lunar 
surface. It was the simplest of the three meth- 
ods, both in terms of development and opera- 
tional costs, but it was risky. Since rendezvous 
was taking place in lunar, instead of Earth, 
orbit there was no room for error or the crew 
could not get home. Moreover. some of the 
trickiest course corrections and maneuvers 
had to be done after the spacecraft had been 
committed to a circumlunar flight. The Earth- 
orbit rendezvous approach kept all the options 
for the mission open longer than the lunar- 
orbit rendezvous mode.49 
Inside NASA, advocates of the various approaches 

contended over the method of flying to the Moon 
while the all-important clock that Kennedy had started 
continued to tick. It was critical that a decision not be 
delayed, because the mode of flight in part dictated the 
spacecraft developed. While NASA engineers could 
proceed with building a launch vehicle, the Saturn, 
and define the basic components of the spacecraft-a 
habitable crew compartment, a baggage car of some 
type, and a jettisonable service module containing 
propulsion and other expendable systems-they could 
not proceed much beyond rudimentary conceptions 
without a mode decision. The NASA Rendezvous 
Panel at Langley Research Center, headed by John C. 
Houbolt, pressed hard for the lunar-orbit rendezvous 
as the most expeditious means of accomplishing the 
mission. Using sophisticated technical and economic 
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arguments, over a period of months in 196 and 1962 
Houbolt’s group advocated and persuaded the rest of 
NASA’s leadership that lunar-orbit rendezvous was 
not the risky proposition that it had earlier seemed.50 

The last to give in was Wernher von Braun and his 
associates at the Marshall Space Flight Center. This 
group favored the Earth-orbit rendezvous because the 
direct ascent approach was technologically unfeasible 
before the end of the 1960s, because it provided a log- 
ical rationale for a space station, and because it 
ensured an extension of the Marshall workload (some- 
thing that was always important to center directors 
competing insidc thc agency for personnel and other 
resources). At an all-day meeting on 7 June 1962 at 
Marshall, NASA leaders met to hash out these differ- 
ences, with the debate getting heated at times. After 
more than six hours of discussion von Braun finally 
gave in to the lunar-orbit rendezvous mode, saying 
that its advocates had demonstrated adequately its fea- 
sibility and that any further contention would jeopard- 
ize the president’s timetable.51 
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With internal dissention quieted, NASA moved to 
announce the Moon landing mode to the public in the 
summer of 1962. As it prepared to do so, however, 
Kennedy’s Science Adviser, Jerome B. Wiesner, raised 
objections because of the inherent risk it brought to 
the crew. As a result of this opposition, Webb back- 
pedaled and stated that the decision was tentative and 
that NASA would sponsor further studies. The issue 
reached a climax at the Marshall Space Flight Center 
in September 1962 when President Kennedy, Wiesner, 
Webb, and several other Washington figures visited 
von Braun. As the entourage viewed a mock-up of a 
Sa~wn V first stage booster during a phcto opportunity 
for the media, Kennedy nonchalantly mentioned to 
von Braun, “I understand you and Jerry disagree about 
the right way to go to the moon.” Von Braun acknowl- 
edged this disagreement, but when Wiesner began to 
explain his concern Webb, who had been quiet until 
this point, began to argue with him “for being on the 
wrong side of the issue.” While the mode decision had 
been an uninteresting technical issue before, it then 

President John F Kennedy visited Marshall Space Flight Center on 11 September 1962. Here President Kennedy and Dr Wernher 
von Braun, MSFC Director, tour one of the laboratories. NASA MSFC Photo #9801807. 

-11- 



APOLLO: A RETROSPECTIVE ANALYSIS 

became a political concern hashed over in the press for 
days thereafter. The science advisor to British Prime 
Minister Harold Macmillan, who had accompanied 
Wiesner on the trip, later asked Kennedy on Air Force 
One how the debate would turn out. The president told 
him that Wiesner would lose, “Webb’s got all the 
money, and Jerry’s only got me.”52 Kennedy was right, 
Webb lined up political support in Washington for the 
lunar-orbit rendezvous mode and announced it as a 
final decision on 7 November 1962.53 This set the 
stage for the operational aspects of Apollo. 

PRELUDE TO APOLLO: MERCURY 

At the time of the announcement of Project Apollo 
by President Kennedy in May 1961 NASA was still 
consumed with the task of placing an American in 
orbit through Project Mercury. Stubborn problems 
arose, however, at seemingly every turn. The first 
space flight of an astronaut, made by Alan B. Shepard, 
had been postponed for weeks so NASA engineers 
could resolve numerous details and only took place on 
5 May 1961, less than three weeks before the Apollo 
announcement. The second flight, a suborbital mission 
like Shepard’s, launched on 21 July 1961, also had 
problems. The hatch blew off prematurely from the 
Mercury capsule, Liberty Bell 7, and it sank into the 
Atlantic Ocean before it could be recovered. In the 
process the astronaut, “Gus” Grissom, nearly drowned 
before being hoisted to safety in a helicopter. These 
suborbital flights, however, proved valuable for NASA 
technicians who found ways to solve or work around 
literally thousands of obstacles to successful space 
flight.54 

As these issues were being resolved, NASA engi- 
neers began final preparations for the orbital aspects of 
Project Mercury. In this phase NASA planned to use a 
Mercury capsule capable of supporting a human in 
space for not just minutes, but eventually for as much 
as three days. As a launch vehicle for this Mercury cap- 
sule, NASA used the more powerful Atlas instead of 
the Redstone. But this decision was not without contro- 
versy. There were technical difficulties to be overcome 
in mating it to the Mercury capsule to be sure, but the 
biggest complication was a debate among NASA engi- 
neers over its propriety for human spaceflight.55 

When first conceived in the 1950s many believed 
Atlas was a high-risk proposition because to reduce its 
weight Convair Corp. engineers under the direction of 
Karel J. Bossart, a pre-World War I1 immigrant from 
Belgium, designed the booster with a very thin, inter- 
nally pressurized fuselage instead of massive struts and 

a thick metal skin. The “steel balloon,” as it was some- 
times called, employed engineering techniques that ran 
counter to a conservative engineering approach used by 
Wernher von Braun for the V-2 and the Redstone at 
Huntsville, Alabama56 Von Braun, according to 
Bossart, needlessly designed his boosters like 
“bridges,” to withstand any possible shock. For his 
part, von Braun thought the Atlas too flimsy to hold up 
during launch. He considered Bossart’s approach much 
too dangerous for human spaceflight, remarking that 
the astronaut using the “contraption,” as he called the 
Atlas booster, “should be getting a medal just for sit- 
ting on top of it before he takes off!”57 The reservations 
began to melt away, however, when Bossart’s team 
pressurized one of the boosters and dared one of von 
Braun’s engineers to knock a hole in it with a sledge 
hammer. The blow left the booster unharmed, but the 
recoil from the hammer nearly clubbed the engineer.58 

Most of the differences had been resolved by the 
first successful orbital flight of an unoccupied 
Mercury-Atlas combination in September 196 1. On 
29 November the final test flight took place, this time 
with the chimpanzee Enos occupying the capsule for a 
two-orbit ride before being successfully recovered 
in an ocean landing. Not until 20 February 1962, how- 
ever, could NASA get ready for an orbital flight with 
an astronaut. On that date John Glenn became the first 
American to circle the Earth, making three orbits in 
his Friendship 7 Mercury spacecraft. The flight was 
not without problems, however; Glenn flew parts of 
the last two orbits manually because of an autopilot 
failure and left his normally jettisoned retrorocket 
pack attached to his capsule during reentry because of 
a loose heat shield. 

Glenn’s flight provided a healthy increase in 
national pride, making up for at least some of the ear- 
lier Soviet successes. The public, more than celebrat- 
ing the technological success, embraced Glenn as a 
personification of heroism and dignity. Hundreds of 
requests for personal appearances by Glenn poured 
into NASA headquarters, and NASA learned much 
about the power of the astronauts to sway public opin- 
ion. The NASA leadership made Glenn available to 
speak at some events, but more often substituted other 
astronauts and declined many other invitations. 
Among other engagements, Glenn did address a joint 
session of Congress and participated in several ticker- 
tape parades around the country. NASA discovered in 
the process of this hoopla a powerful public relations 
tool that it has employed ever since.59 

Three more successful Mercury flights took place 
during 1962 and 1963. Scott Carpenter made three 
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orbits on 20 May 1962, and on 3 October 1962 Walter 
Schirra flew six orbits. The capstone of Project 
Mercury was the 15-16 May 1963 flight of Gordon 
Cooper, who circled the Earth 22 times in 34 hours. 
The program had succeeded in accomplishing its pur- 
pose: to successfully orbit a human in space, explore 
aspects of tracking and control, and to learn about 
microgravity and other biomedical issues associated 
with spaceflight.60 

BRIDGING THE TECHNOLOGICAL GAP; 
FROM GEMINI TO APOLLO 

Even as the Mercury program was underway and 
work took place developing Apollo hardware, NASA 
program managers perceived a huge gap in the capa- 
bility for human spaceflight between that acquired 
with Mercury and what would be required for a Lunar 
landing. They closed most of the gap by experiment- 
ing and training on the ground, but some issues 
required experience in space. Three major areas 
immediately arose where this was the case. The first 
was the ability in space to locate, maneuver toward, 
and rendezvous and dock with another spacecraft. The 
second was closely related, the ability of astronauts to 
work outside a spacecraft. The third involved the col- 
lection of more sophisticated physiological data about 
the human response to extended spaceflight.61 

To gain experience in these areas before Apollo 
could be readied for flight, NASA devised Project 
Gemini. Hatched in the fall of 1961 by engineers at 
Robert Gilruth’s Space Task Group in cooperation 
with McDonnell Aircraft Corp. technicians, builders 
of the Mercury spacecraft, Gemini started as a larger 
Mercury Mark I1 capsule but soon became a totally 
different proposition. It could accommodate two astro- 
nauts for extended flights of more than two weeks. It 
pioneered the use of fuel cells instead of batteries to 
power the ship, and incorporated a series of modifica- 
tions to hardware. Its designers also toyed with the 
possibility of using a paraglider being developed at 
Langley Research Center for “dry” landings instead of 
a “splashdown” in water and recovery by the Navy. 
The whole system was to be powered by the newly 
developed Titan 11 launch vehicle, another ballistic 
missile developed for the Air Force. A central reason 
for this program was to perfect techniques for ren- 
dezvous and docking, so NASA appropriated from the 
military some Agena rocket upper stages and fitted 
them with docking adapters. 

Problems with the Gemini program abounded 
from the start. The Titan I1 had longitudinal oscilla- 

tions, called the “pogo” effect because it resembled 
the behavior of a child on a pogo stick. Overcoming 
this problem required engineering imagination and 
long hours of overtime to stabilize fuel flow and main- 
tain vehicle control. The fuel cells leaked and had to 
be redesigned, and the Agena reconfiguration also suf- 
fered costly delays. NASA engineers never did get the 
paraglider to work properly and eventually dropped it 
from the program in favor of a parachute system the 
one used for Mercury. All of these difficulties shot an 
estimated $350 million program to over $1 billion. 
The overruns were successfully justified by the space 
agency, however, as necessities to meet the Apollo 
landing commitment.62 

By the end of 1963 most of the difficulties with 
Gemini had been resolved, albeit at great expense, and 
the program was ready for flight. Following two unoc- 
cupied orbital test flights, the first operational mission 
took place on 23 March 1965. Mercury astronaut 
Grissom commanded the mission, with John W. 
Young, a Naval aviator chosen as an astronaut in 1962, 
accompanying him. The next mission, flown in June 
1965 stayed aloft for four days and astronaut Edward 
H. White I1 performed the first extra-vehicular 
activity (EVA) or spacewalk.63 Eight more missions 
followed through November 1966. Despite problems 
great and small encountered on virtually all of them, 
the program achieved its goals. Additionally, as a tech- 
nological learning program Gemini had been a suc- 
cess, with 52 different experiments performed on the 
ten missions. The bank of data acquired from Gemini 
helped to bridge the gap between Mercury and what 
would be required to complete Apollo within the time 
constraints directed by the president.w 

SATELLITE SUPPORT OF APOLLO 

In addition to the necessity of acquiring the skills 
necessary to maneuver in space prior to executing the 
Apollo mandate, NASA had to learn much more about 
the Moon itself to ensure that its astronauts would 
survive. They needed to know the composition and 
geography of Moon, and the nature of the lunar 
surface. Was it solid enough to support a lander, was it 
composed of dust that would swallow up the space- 
craft? Would communications systems work on the 
Moon? Would other factors-geology, geography, 
radiation, etc.-affect the astronauts? To answer these 
questions three distinct satellite research programs 
emerged to study the Moon. The first of these was 
Project Ranger, which had actually been started in the 
1950s, in response to Soviet lunar exploration, but had 
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been a notable failure until the mid-1960s when three 
probes photographed the lunar surface before crashing 
into it.65 

The second project was the Lunar Orbiter, an 
effort approved in 1960 to place probes in orbit around 
the Moon. This project, originally not intended to 
support Apollo, was reconfigured in 1962 and 1963 to 
further the Kennedy mandate more specifically by 
mapping the surface. In addition to a powerful camera 
that could send photographs to Earth tracking stations, 
it carried three scientific experiments-selnodesy (the 
lunar equivalent of geodesy), meteoroid detection, and 
radiation measurement. While the returns from these 
instruments interested scientists in and of themselves, 
they were critical to Apollo. NASA launched five 
Lunar Orbiter satellites between 10 August 1966 and 
1 August 1967, all successfully achieving their objec- 
tives. At the completion of the third mission, more- 
over, the Apollo planners announced that they had 
sufficient data to press on with an astronaut landing, 
and were able to use the last two missions for other 
activities.66 

Finally, in 1961 NASA created Project Surveyor 
to soft-land a satellite on the Moon. A small craft with 
tripod landing legs, it could take post-landing photo- 
graphs and perform a variety of other measurements. 
Surveyor 1 landed on the Moon on 2 June 1966 and 
transmitted more than 10,000 high-quality photographs 
of the surface. Although the second mission crash 
landed, the next flight provided photographs, meas- 
urements of the composition and surface-bearing 
strength of the lunar crust, and readings on the thermal 
and radar reflectivity of the soil. Although Surveyor 4 
failed, by the time of the program’s completion in 1968 
the remaining three missions had yielded significant 
scientific data both for Apollo and for the broader lunar 
science community.67 

BUILDING SATURN 

NASA inherited the effort to develop the Saturn 
family of boosters used to launch Apollo to the Moon 
in 1960 when it acquired the Army Ballistic Missile 
Agency under Wernher von Braun.68 By that time von 
Braun’s engineers were hard at work on the first 
generation Saturn launch vehicle, a cluster of eight 
Redstone boosters around a Jupiter fuel tank. Fueled 
by a combination of liquid oxygen (LOX) and RP-1 (a 
version of kerosene), the Saturn I could generate a 
thrust of 205,000 pounds. This group also worked on 
a second stage, known in its own right as the Centaur, 
that used a revolutionary fuel mixture of LOX and 

liquid hydrogen that could generate a greater ratio of 
thrust to weight. The fuel choice made this second 
stage a difficult development effort, because the mix- 
ture was highly volatile and could not be readily han- 
dled. But the stage could produce an additional 90,000 
pounds of thrust. The Saturn I was solely a research 
and development vehicle that would lead toward the 
accomplishment of Apollo, making ten flights 
between October 1961 and July 1965. The first four 
flights tested the first stage, but beginning with the 
fifth launch the second stage was active and these mis- 
sions were used to place scientific payloads and 
Apollo test capsules into 0rbit.69 

The next step in Saturn development came with 
the maturation of the Saturn ZB, an upgraded version 
of earlier vehicle. With more powerful engines gener- 
ating 1.6 million pounds of thrust from the first stage, 
the two-stage combination could place 62,000-pound 
payloads into Earth orbit. The first flight on 26 
February 1966 tested the capability of the booster and 
the Apollo capsule in a suborbital flight. Two more 
flights followed in quick succession. Then there was a 
hiatus of more than a year before the 22 January 1968 
launch of a Saturn ZB with both an Apollo capsule and 
a lunar landing module aboard for orbital testing. The 
only astronaut-occupied flight of the Saturn ZB took 
place between 11 and 22 October 1968 when Walter 
Schirra, Donn F. Eisele, and R. Walter Cunningham, 
made 163 orbits testing Apollo equipment.70 

The largest launch vehicle of this family, the 
Saturn K represented the culmination of those earlier 
booster development and test programs. Standing 363 
feet tall, with three stages, this was the vehicle that 
could take astronauts to the Moon and return them 
safely to Earth. The first stage generated 7.5 million 
pounds of thrust from five massive engines developed 
for the system. These engines, known as the F-1, were 
some of the most significant engineering accomplish- 
ments of the program, requiring the development of 
new alloys and different construction techniques to 
withstand the extreme heat and shock of firing. The 
thunderous sound of the first static test of this stage, 
taking place at Huntsville, Alabama, on 16 April 1965, 
brought home to many that the Kennedy goal was 
within technological grasp. For others, it signaled the 
magic of technological effort; one engineer even char- 
acterized rocket engine technology as a “black art” 
without rational principles. The second stage presented 
enormous challenges to NASA engineers and very 
nearly caused the lunar landing goal to be missed. 
Consisting of five engines burning LOX and liquid 
hydrogen, this stage could deliver 1 million pounds of 
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Apollo 11 third stage (‘-1 VB) is being raised for  mating to the 
second stage. NASA Photo #69-H-321. 

thrust. It was always behind schedule, and required 
constant attention and additional funding to ensure 
completion by the deadline for a lunar landing. Both 
the first and third stages of this Saturn vehicle develop- 
ment program moved forward relatively smoothly. 
(The third stage was an enlarged and improved version 
of the IB, and had few developmental complications.)7~ 

Despite all of this, the biggest problem with 
Saturn V lay not with the hardware, but with the clash of 
philosophies toward development and test. The von 
Braun “Rocket Team” had made important technologi- 
cal contributions and enjoyed popular acclaim as a result 
of conservative engineering practices that took minutely 
incremental approaches toward test and verification. 
They tested each component of each system individu- 
ally and then assembled them for a long series of ground 
tests. Then they would launch each stage individually 
before assembling the whole system for a long series of 
flight tests. While this practice ensured thoroughness, it 
was both costly and time-consuming, and NASA had 
neither commodity to expend. George E. Mueller, the 
head of NASA’s Office of Manned Space Flight, dis- 
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agreed with this approach. Drawing on his experience 
with the Air Force and aerospace industry, and shad- 
owed by the twin bugaboos of schedule and cost, 
Mueller advocated what he called the “all-up” concept 
in which the entire Apollo-Saturn system was tested 
together in flight without the laborious preliminaries.72 

A calculated gamble, the first Saturn V test launch 
took place on 9 November 1967 with the entire Apollo- 
Saturn combination. A second test followed on 4 April 
1968, and even though it was only partially successful 
because the second stage shut off prematurely and the 
third stage-needed to start the Apollo payload into 
lunar trajectory-failed. Mueller declared that the test 
program had been completed and that the next launch 
would have astronauts aboard. The gamble paid off. In 
17 test and 15 piloted launches, the Saturn booster fam- 
ily scored a 100 percent launch reliability rate.73 

THE Amrro SPACECRAIT 

Almost with the announcement of the lunar land; 
commitment in 1961 NASA technicians began a cri 
program to develop a reasonable configuration for the 
trip to lunar orbit and back. What they came up with was 
a three-person command module capable of sustaining 
human life for two weeks or more in either Earth orbit 
or in a lunar trajectory; a service module holding oxy- 
gen, fuel, maneuvering rockets, fuel cells, and other 
expendable and life support equipment that could be jet- 
tisoned upon reentry to Earth; a retrorocket package 
attached to the service module for slowing to prepare for 
reentry; and finally a launch escape system that was dis- 
carded upon achieving orbit. The tear-drop shaped com- 
mand module had two hatches, one on the side for entry 
and exit of the crew at the beginning and end of the 
flight and one in the nose with a docking collar for use 
in moving to and from the lunar landing vehicle.74 

Work on the Apollo spacecraft stretched from 28 
November 1961, when the prime contract for its devel- 
opment was let to North American Aviation, to 22 
October 1968 when the last test flight took place. In 
between there were various efforts to design, build, and 
test the spacecraft both on the ground and in suborbital 
and orbital flights. For instance, on 13 May 1964 
NASA tested a boilerplate model of the Apollo capsule 
atop a stubby Little Joe ZZ military booster, and another 
Apollo capsule actually achieved orbit on 18 September 
1964 when it was launched atop a Saturn I. By the end 
of 1966 NASA leaders declared the Apollo command 
module ready for human occupancy. The final flight 
checkout of the spacecraft prior to the lunar flight took 
place on 11-22 October 1968 with three astronauts.75 
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As these development activities were taking place, 
tragedy struck the Apollo program. On 27 January 
1967, Apollo-Saturn (AS) 204, scheduled to be the 
first spaceflight with astronauts aboard the capsule, 
was on the launch pad at Kennedy Space Center, 
Florida, moving through simulation tests. The three 
astronauts to fly on this mission-“Gus” Grissom, 
Edward White, and Roger B. Chaffee-were aboard 
running through a mock launch sequence. At 6:31 
p.m., after several hours of work, a fire broke out in 
the spacecraft and the pure oxygen atmosphere inten- 
ded for the flight helped it bum with intensity. In a 
flash, flames engulfed the capsule and the astronauts 
died of asphyxiation. It took the ground crew five min- 
utes to open the hatch. When they did so they found 
three bodies. Although three other astronauts had been 
killed before this time-all in plane crashes-these 
were the first deaths directly attributable to the U.S. 
space program.76 

Shock gripped NASA and the nation during the 
days that followed. James Webb, NASA Administra- 
tor, told the media at the time, “We’ve always known 
that something like this was going to happen sooner or 
later. . . who would have thought that the first tragedy 
would be on the ground?”77 As the nation mourned, 
Webb went to President Lyndon Johnson and asked 
that NASA be allowed to handle the accident investi- 
gation and direct the recovery from the accident. He 
promised to be truthful in assessing blame and 
pledged to assign it to himself and NASA manage- 
ment as appropriate. The day after the fire NASA 
appointed an eight member investigation board, 
chaired by longtime NASA official and director of the 
Langley Research Center, Floyd L. Thompson. It set 
out to discover the details of the tragedy: what hap- 
pened, why it happened, could it happen again, what 
was at fault, and how could NASA recover? The mem- 
bers of the board learned that the fire had been caused 
by a short circuit in the electrical system that ignited 
combustible materials in the spacecraft fed by the oxy- 
gen atmosphere. They also found that it could have 
been prevented and called for several modifications to 
the spacecraft, including a move to a less oxygen-rich 
environment. Changes to the capsule followed quickly, 
and within a little more than a year it was ready for 
flight.’* 

Webb reported these findings to various 
Congressional committees and took a personal grilling 
at every meeting. His answers were sometimes evasive 
and always defensive. The New York Times, which was 
usually critical of Webb, had a field day with this sit- 
uation and said that NASA stood for “Never a Straight 

The Apollo 1 I spacecraft and booster at Launch C0mple.x 39A 
in preparation for  the first lunar mission in July 1969. NASA 
Photo #69-H-1051. 

Answer.” While the ordeal was personally taxing, 
whether by happenstance or design Webb deflected 
much of the backlash over the fire from both NASA as 
an agency and from the Johnson administration. While 
he was personally tarred with the disaster, the space 
agency’s image and popular support was largely 
undamaged. Webb himself never recovered from the 
stigma of the fire, and when he left NASA in October 
1968, even as Apollo was nearing a successful com- 
pletion, few mourned his departure.79 

The AS 204 fire also troubled Webb ideologically 
during the months that followed. He had been a high 
priest of technocracy ever since coming to NASA in 
1961, arguing for the authority of experts, well-organ- 
ized and led, and with sufficient resources to resolve 
the “many great economic, social, and political prob- 
lems” that pressed the nation. He wrote in his book, 
Space Age Management, as late as 1969 that “Our 
Society has reached a point where its progress and 
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even its survival increasingly depend upon our ability 
to organize the complex and to do the unusual.”gO He 
believed he had achieved that model organization for 
complex accomplishments at NASA. Yet that model 
structure of exemplary management had failed to 
anticipate and resolve the shortcomings in the Apollo 
capsule design and had not taken what seemed in 
retrospect to be normal precautions to ensure the safety 
of the crew. The system had broken down. As a result 
Webb became less trustful of other officials at NASA 
and gathered more and more decisionmaking authority 
to himself. This wore on him during the rest of his time 
as NASA Administrator, and in reality the failure of the 
technological model for solving problems was an 
important forecaster of a trend that would be increas- 
ingly present in American culture thereafter as technol- 
ogy was blamed for a good many of society’s ills. That 
problem would be particularly present as NASA tried 
to win political approval of later NASA projects.81 

THE LUNAR MODULE 

If the Saturn launch vehicle and the Apollo space- 
craft were difficult technological challenges, the third 
part of the hardware for the Moon landing, the Lunar 

i 
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Module (LM), represented the most serious problem. 
Begun a year later than it should have been, the LM 
was consistently behind schedule and over budget. 
Much of the problem turned on the demands of devis- 
ing two separate spacecraft components-one for 
descent to the Moon and one for ascent back to the 
command module-that only maneuvered outside an 
atmosphere. Both engines had to work perfectly or the 
very real possibility existed that the astronauts would 
not return home. Guidance, maneuverability, and space- 
craft control also caused no end of headaches. The land- 
ing structure likewise presented problems; it had to be 
light and sturdy and shock resistent, An ungainly vehi- 
cle emerged which two astronauts could fly while 
standing. In November 1962 Grumman Aerospace 
Corp. signed a contract with NASA to produce the LM, 
and work on it began in earnest. With difficulty the LM 
was orbited on a Saturn V test launch in January 1968 
and judged ready for operation.82 

TRIPS TO THE MOON 

After a piloted orbital mission to test the Apollo 
equipment on October 1968, on 21 December 1968 
Apollo 8 took off atop a Saturn V booster from the 

Mission control at the Manned Spacecraft Center at Houston, Texas, during Project Apollo. NASA Photo #S-69-39593 
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Kennedy Space Center with three astronauts aboard- 
Frank Borman, James A. Lovell, Jr., and William A. 
Anders-for a historic mission to orbit the Moon.83 At 
first it was planned as a mission to test Apollo hard- 
ware in the relatively safe confines of low Earth orbit, 
but senior engineer George M. Low of the Manned 
Spacecraft Center at Houston, Texas, and Samuel C. 
Phillips, Apollo Program Manager at NASA head- 
quarters, pressed for approval to make it a circumlunar 
flight. The advantages of this could be important, both 
in technical and scientific knowledge gained as well as 
in a public demonstration of what the U.S. could 
achieve.84 So far Apollo had been all promise; now the 
delivery was about to begin. In the summer of 1968 
Low broached the idea to Phillips, who then carried it 
to the administrator, and in November the agency 
reconfigured the mission for a lunar trip. After ApoZlo 
8 made one and a half Earth orbits its third stage began 
a burn to put the spacecraft on a lunar trajectory. As it 
traveled outward the crew focused a portable televi- 
sion camera on Earth and for the first time humanity 
saw its home from afar, a tiny, lovely, and fragile “blue 
marble” hanging in the blackness of space. When it 
arrived at the Moon on Christmas Eve this image of 
Earth was even more strongly reinforced when the 
crew sent images of the planet back while reading the 
first part of the Bible-“And God created the heavens 
and the Earth, and the Earth was without form and 
void”-before sending Christmas greetings to human- 
ity. The next day they fired the boosters for a return 
flight and “spashed down” in the Pacific Ocean on 27 
December. It was an enormously significant accom- 
plishment coming at a time when American society 
was in crisis over Vietnam, race relations, urban prob- 
lems, and a host of other difficulties. And if only for a 
few moments the nation united as one to focus on this 
epochal event. Two more Apollo missions occurred 
before the climax of the program, but they did little 
more than confirm that the time had come for a lunar 
landing.85 

Then came the big event. ApoZZo 11 lifted off on 
16 July 1969, and after confirming that the hardware 
was working well began the three day trip to the 
Moon. At 4: 18 p.m. EST on 20 July 1969 the LM- 
with astronauts Neil A. Armstrong and Edwin E. 
Aldrin-landed on the lunar surface while Michael 
Collins orbited overhead in the Apollo command mod- 
ule. After checkout, Armstrong set foot on the surface, 
telling millions who saw and heard him on Earth that 
it was “one small step for man-one giant leap for 
mankind.” (Neil Armstrong later added “a” when 
referring to “one small step for a man” to clarify the 

first sentence delivered from the Moon’s surface.) 
Aldrin soon followed him out, and the two plodded 
around the landing site in the 1/6 lunar gravity, planted 
an American flag but omitted claiming the land for the 
U.S. as had been routinely done during European 
exploration of the Americas, collected soil and rock 
samples, and set up scientific experiments. The next 
day they launched back to the Apollo capsule orbiting 
overhead and began the return trip to Earth, splashing 
down in the Pacific on 24 July.86 

The,footpi-int on the Moon, July 1969. NASA Photo #69-H-1259. 

These flights rekindled the excitement felt in the 
early 1960s with John Glenn and the Mercury astro- 
nauts. ApoZZo 11, in particular, met with an ecstatic 
reaction around the globe, as everyone shared in the 
success of the mission. Ticker tape parades, speaking 
engagements, public relations events, and a world tour 
by the astronauts served to create good will both in the 
U.S. and abroad. 

Five more landing missions followed at approxi- 
mately six month intervals through December 1972, 
each of them increasing the time spent on the Moon. 
Three of the latter Apollo missions used a lunar rover 
vehicle to travel in the vicinity of the landing site, but 
none of them equaled the excitement of Apollo ZI. 
The scientific experiments placed on the Moon and the 
lunar soil samples returned through Project Apollo 
have provided grist for scientists’ investigations of the 
Solar System ever since. The scientific return was sig- 
nificant, but the Apollo program did not answer con- 
clusively the age-old questions of lunar origins and 
evolution.87 

In spite of the success of the other missions, only 
ApoZZo 1.3, launched on 11 April 1970, came close to 
matching earlier popular interest. But that was only 
because, 56 hours into the flight, an oxygen tank in the 
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Apollo service module ruptured and damaged several 
of the power, electrical, and life support systems. 
People throughout the world watched and waited and 
hoped as NASA personnel on the ground and the crew, 
well in their way to the Moon and with no way of 
returning until they went around it, worked together to 
find a way safely home. While NASA engineers 
quickly determined that air, water, and electricity did 
not exist in the Apollo capsule sufficient to sustain the 
three astronauts until they could return to Earth, they 
found that the LM-a self-contained spacecraft unaf- 
fected by the accident-ould be used as a “lifeboat” 
to provide austere life support for the return trip. I: 
was a close-run thing, but the crew returned safely on 
17 April 1970. The near disaster served several impor- 
tant purposes for the civil space program-especially 
prompting reconsideration of the propriety of the 
whole effort while also solidifying in the popular mind 
NASA’s technological genius.88 

A MEANING FOR APOLLO 

Project Apollo in general, and the flight of ApoZZo 11 
in particular, should be viewed as a watershed in the 

nation’s history. It was an endeavor that demonstrated 
both the technological and economic virtuosity of the 
United States and established technologically preemi- 
nence over rival nations-the primary goal of the 
program when first envisioned by the Kennedy 
administration in 196 1. It had been an enormous under- 
taking, costing $25.4 billion (about $95 billion in 1990 
dollars), with only the building of the Panama Canal 
rivaling the Apollo program’s size as the largest non- 
military technological endeavor ever undertaken by the 
United States and only the Manhattan Project to build 
the atomic bomb in World War I1 being comparable in 
a wartime setting. 

There are several important legacies (or conclu- 
sions) about Project Apollo that need to be remem- 
bered. First, and probably most important, the Apollo 
program was successful in accomplishing the political 
goals for which it had been created. Kennedy had been 
dealing with a Cold War crisis in 1961 brought on by 
several separate factors-the Soviet orbiting of Yuri 
Gagarin and the disastrous Bay of Pigs invasion only 
two of them-that Apollo was designed to combat. At 
the time of the ApoZZo 22 landing Mission Control in 
Houston flashed the words of President Kennedy 
announcing the Apollo commitment on its big screen. 

A ticker-tape parade for the Apollo 1 I astronauts in New York City. NASA Photo #69-H-1420. 
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Those phrases were followed with these: “TASK 
ACCOMPLISHED, July 1969.” No greater under- 
statement could probably have been made. Any 
assessment of Apollo that does not recognize the 
accomplishment of landing an American on the Moon 
and safely returning before the end of the 1960s is 
incomplete and innaccurate, for that was the primary 
goal of the undertaking.89 

Second, Project Apollo was a triumph of manage- 
ment in meeting enormously difficult systems engi- 
neering, technological, and organizational integration 
requirements. James E. Webb, the NASA 
Administrator at the height of the program between 
1961 and 1968, always contended that Apollo was 
much more a management exercise than anything else, 
and that the technological challenge, while sophisti- 
cated and impressive, was largely within grasp at the 
time of the 1961 decisi0n.m More difficult was ensur- 
ing that those technological skills were properly man- 
aged and used. 

Webb’s contention was confirmed in spades by the 
success of Apollo. NASA leaders had to acquire and 
organize unprecedented resources to accomplish the 
task at hand. From both a political and technological 
perspective, management was critical. For seven years 
after Kennedy’s Apollo decision, through October 
1968, James Webb maneuvered for NASA in 
Washington to obtain sufficient resources to meet 
Apollo requirements. More to the point, NASA per- 
sonnel employed the “program management” concept 
that centralized authority and emphasized systems 
engineering. The systems management of the program 
was critical to Apollo’s success.91 Understanding the 
management of complex structures for the successful 
completion of a multifarious task was a critical out- 
growth of the Apollo effort. 

Third, Project Apollo forced the people of the 
world to view the planet Earth in a new way. Apollo 8 
was critical to this fundamental change, as it treated 
the world to the first pictures of the Earth from afar. 
Writer Archibald MacLeish summed up the feelings of 
many people when he wrote at the time of Apollo, that 
“To see the Earth as it truly is, small and blue and 
beautiful in that eternal silence where it floats, is to see 
ourselves as riders on the Earth together, brothers on 
that bright loveliness in the eternal cold-brothers 
who know now that they are truly brothers.”92 The 
modern environmental movement was galvanized in 
part by this new perception of the planet and the need 
to protect it and the life that it supports.93 

Finally, the Apollo program, while an enormous 
achievement, left a divided legacy for NASA and the 

During a later Apollo flight, astronauts employed the Lunar 
Rover: This photograph is from the Apollo IS mission of 
J d p A u p s t  1971. NASA Photo #71-H-1286. 

aerospace community. The perceived “golden age” of 
Apollo created for the agency an expectation that the 
direction of any major space goal from the president 
would always bring NASA a broad consensus of sup- 
port and provide it with the resources and license to 
dispense them as it saw fit. Something most NASA 
officials did not understand at the time of the Moon 
landing in 1969, however, was that Apollo had not 
been conducted under normal political circumstances 
and that the exceptional circumstances surrounding 
Apollo would not be repeated.94 

The Apollo decision was, therefore, an anomaly in 
the national decision-making process. The dilemma of 
the “golden age” of Apollo has been difficult to over- 
come, but moving beyond the Apollo program to 
embrace future opportunities has been an important 
goal of the agency’s leadership in the recent past. 
Exploration of the Solar System and the universe 
remains as enticing a goal and as important an objec- 
tive for humanity as it ever has been. Project Apollo 
was an important early step in that ongoing process of 
exploration. 
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The Missions of Apollo 
Dates: 1967- 1972 

Vehicles: Saturn ZB and Saturn V launch vehicles 
Apollo commandhervice module 
Lunar module 

Number of People Flown: 33 

Highlights: First humans to leave Earth orbit 
First human landing on the Moon 

Apollo 7 

October 11-22, 1968 
Crew: Walter M. Schirra, Jr., Donn F. Eisele, Walter Cunningham 

Apollo 7 was a confidence-builder. After the January 1967 Apollo launch pad fire, the Apollo command module 
had been extensively redesigned. Schirra, the only astronaut to fly Mercury, Gemini and Apollo missions, com- 
manded this Earth-orbital shakedown of the command and service modules, With no lunar lander, Apollo 7 was 
able to use the Saturn ZB booster rather than the giant Saturn V. The Apollo hardware and all mission operations 
worked without any significant problems, and the Service Propulsion System (SPS)-the all-important engine 
that would place Apollo in and out of lunar orbit-made eight nearly perfect firings. Even though Apollo’s larg- 
er cabin was more comfortable than Gemini’s, eleven days in orbit took its toll on the astronauts. The food was 
bad, and all three developed colds. But their mission proved the spaceworthiness of the basic Apollo vehicle. 

Apollo 8 

December 21-27, 1968 
Crew: Frank Borman, James A. Lovell, Jr., William A. Anders 

The Apollo 8 astronauts were the first human being to venture beyond low Earth orbit and visit another world. 
What was originally to have been an Earth-orbit checkout of the lunar lander became instead a race with the 
Soviets to become the first nation to orbit the Moon. The Apollo 8 crew rode inside the command module, with 
no lunar lander attached. The were the first astronauts to be launched by the Saturn V which had flown only 
twice before. The booster worked perfectly, as did the SPS engines that had been checked out on Apollo 7. 
Apollo 8 entered lunar orbit on the morning of December 24, 1968. For the next 20 hours the astronauts circled 
the Moon, which appeared out their windows as a gray, battered wasteland. They took photographs, scouted 
future landing sites, and on Christmas Eve read from the Book of Genesis to TV viewers back on Earth. They 
also photographed the first Earthrise as seen from the Moon. Apollo 8 proved the ability to navigate to and from 
the Moon, and gave a tremendous boost to the entire Apollo program. 
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Apollo 9 

March 3-13, 1969 
Crew: James A. McDivitt, David R. Scott, Russell L. Schweickart 

Apollo 9 was the first space test of the third critical piece of Apollo hardware-the lunar module. For ten days, 
the astronauts put all three Apollo vehicles through their paces in Earth orbit, undocking and then redocking the 
lunar lander with the command module, just as they would in lunar orbit. For this and all subsequent Apollo 
flights, the crews were allowed to name their own spacecraft. The gangly lunar module was “Spider,” the com- 
mand module “Gumdrop,” Schweickart and Scott performed a spacewalk, and Schweickart checked out the new 
Apollo spacesuit, the first to have its own life support system rather than being dependent on an umbilical con- 
nection to the spacecraft. Apollo 9 gave proof that the Apollo machines were up to the task of orbital rendezvous 
and docking. 

Apollo 10 

I May 18-26, 1969 
Crew: Thomas P. Stafford, John W. Young, Eugene A. Ceman 

This dress rehearsal for a Moon landing brought Stafford and Ceman’s lunar module-nicknamed “Snoopy”- 
to within nine miles of the lunar surface, Except for that final stretch, the mission went exactly as a landing 
would have, both in space and on the ground, where Apollo’s extensive tracking and control network was put 
through a dry run. Shortly after leaving low Earth orbit, the LM and the command service module separated, 
then redocked, top to top. Upon reaching lunar orbit, they separated again. While Young orbited the Moon alone 
in his command module “Charlie Brown,” Stafford and Ceman checked out the LM’s radar and ascent engine, 
rode out a momentary gyration in the lunar lander’s motion (due to a faulty switch setting), and surveyed the 
Apollo ZZ landing site in the Sea of Tranquility . This test article of the lunar module was not equipped to land, 
however. Apollo 10 also added another first-broadcasting live color TV from space. 

Apollo 11 

July 16-24, 1969 
Crew: Neil A. Armstrong, Michael Collins, Edwin E. “Buzz” Aldrin, Jr. 

Half of Apollo’s primary goal-a safe return-was achieved at 4:17 p.m. Eastern Daylight Time on July 20, 
when Armstrong piloted “Eagle” to a touchdown on the Moon, with less than 30 seconds worth of fuel left in 
the lunar module. Six hours later, Armstrong took his famous “one giant leap for mankind.” Aldrin joined him, 
and the two spent two-and-a-half hours drilling core samples, photographing what they saw and collecting 
rocks. After more than 21 hours on the lunar surface, they returned to Collins on board “Columbia,” bringing 
20.87 kilograms of lunar samples with them. The two Moon-walkers had left behind scientific instruments, an 
American flag and other mementos, including a plaque bearing the inscription: “Here Men From Planet Earth 
First Set Foot Upon the Moon. July 1969 A.D. We came in Peace For All Mankind.” 
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Apollo 12 

November 14-24, 1969 
Crew: Charles “Pete” Conrad, Jr., Richard E Gordon, Jr., Alan L. Bean 

The second lunar landing was an exercise in precision targeting. The descent was automatic, with only a few 
manual corrections by Conrad. The landing, in the Ocean of Storms, brought the lunar module “Intrepid” with- 
in wallung distance-1 82.88 meters-or a robot spacecraft that had touched down there two-and-a-half years 
earlier. Conrad and Bean brought pieces of the Suiveyor 3 back to Earth for analysis, and took two Moon-walks 
lasting just under four hours each. They collected rocks and set up experiments that measured the Moon’s seis- 
micity, solar wind flux and magnetic field. Meanwhile Gordon, on board the “Yankee Clipper” in lunar orbit, 
took multispectral photographs of the surface. The crew stayed an extra day in lunar orbit taking photographs. 
When “Intrepid’s” ascent stage was dropped onto the Moon after Conrad and Bean rejoined Gordon in orbit, 
the seismometers the astronauts had left on the lunar surface registered the vibrations for more than an hour. 

Apollo 13 

April 11-17, 1970 
Crew: James A. Lovell, Jr., Fred W. Haise, Jr., John L. Swigert, Jr. 

The crew’s understated radio message to Mission Control was “Okay, Houston, we’ve had a problem here.” 
Within 321,860 kilometers of Earth, an oxygen tank in the service module exploded. The only solution was for 
the crew to abort their planned landing, swing around the Moon and return on a trajectory back to Earth. Since 
their command module “Odyssey” was almost completely dead, however, the three astronauts had to use the 
lunar module “Aquarius” as a crowded lifeboat for the return home. The four-day return trip was cold, uncom- 
fortable and tense. But Apollo 13 proved the program’s ability to weather a major crisis and bring the crew back 
home safely. 

Apollo 14 

January 31-February 9, 1971 
Crew: Alan B. Shepard, Jr., Stuart A. Roosa, Edgar D. Mitchell 

After landing in the Fra Mauro region-the original destination for Apollo 13-Shepard and Mitchell took two 
Moon-walks, adding new seismic studies to the by-now familiar Apollo experiment package, and using a “lunar 
rickshaw” pull-cart to carry their equipment, A planned rock-collecting trip to the 1,000-foot-wide Cone Crater 
was dropped, however, when the astronauts had trouble finding their way around the lunar surface. Although 
later estimates showed that they had made it to within 30.48 meters of the crater’s rim ,the explorer had become 
disoriented in the alien landscape. Roosa, meanwhile, took pictures from on board command module “Kitty 
Hawk” in lunar orbit. On the way back to Earth, the crew conducted the first U.S. materials processing experi- 
ments in space. The Apollo 14 astronauts were the last lunar explorers to be quarantined on their return from 
the Moon. 
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Apollo 15 

July 26-August 7, 1971 
Crew: David R. Scott, James B. Irwin, Alfred M. Worden 

The first of the longer, expedition-style lunar landing missions was also the first to include the lunar rover, a 
carlike vehicle that extended the astronauts’ range. The lunar module Falcon touched down near the sinuous 
channel known as Hadley Rille, Scott and Irwin rode more than 27.36 kilometers in their rover, and had a free 
hand in their geological field studies compared to earlier astronauts. They brought back one of the prize tro- 
phies of the Apollo program-a sample of ancient lunar crust nicknamed the “Genesis Rock.” Apollo 15 also 
launched a small subsatellite for measuring particles and fields in the lunar vicinity. On the way back to Earth, 
Worden, who had flown solo on board Endeavour while his crewmates walked on the surface, conducted the 
first space-walk between Earth and the Moon to retrieve film from the side of the spacecraft. 

Apollo 16 

April 16-27, 1972 
Crew: John W. Young, Thomas K. Mattingly 11, Charles M. Duke, JR. 

A malfunction in the main propulsion system of the lunar module “Orion” nearly caused their Moon landing to 
be scrubbed, but Young and Duke ultimately spent three days exploring the Descartes highland region, while 
Mattingly circled overhead in “Casper.” What was thought to have been a region of volcanism turned out not to 
be. based on the astronauts’ discoveries. Their collection of returned specimens included a 1 1.34 kilograms 
chunk that was the largest single rock returned by the Apollo astronauts. The Apollo 16 astronauts also conduct- 
ed performance tests with the lunar rover, at one time getting up to a top speed of 17.70 kilometers per hour. 

Apollo 17 

December 7-19, 1972 
Crew: Eugene A. Cernan, Ronald E. Evans, Harrison H. “Jack” Schmitt 

One of the last two men to set foot on the Moon was also the first scientist-astronautlgeologist Harrison 
Schmitt. While Evans circled in “America,” Schmitt and Cernan collected a record 108.86 kilograms of rocks 
during three Moon-walks. The crew roamed for 33.80 kilometers through the Taurus-Littrow valley in their 
rover, discovered orange-colored soil, and left behind a plaque attached to their lander Challenger, which read: 
“Here Man completed his first exploration of the Moon, December 1972 A.D. May the spirit of peace in which 
we came be reflected in the lives of all mankind.” The Apollo lunar program had ended. 
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Apollo Statistics 
Spacecraft Launch Date Crew Flight Time 

(days: hrs:min) 

Apollo I Jan. 27, 1967 Virgil I. Grissom 
Edward H. White I1 
Roger Chafee 

There were no missions designated as Apollo 2 and Apollo 3. 

Apollo 4 

Apollo 5 

Apollo 6 

Apollo 7 

Apollo 8 

Apollo 9 

Apollo 10 

Apollo I I 

Apollo 12 

Apollo 13 

Apollo 14 

Apollo 15 

Apollo I 6  

Apollo I 7  

Highlights 

Planned as first manned Apollo Mission; fire during ground test 
on 1/27/67 took lives of astronauts; posthumously designated as 
Apollo I .  

Nov. 9, 1967 Unmanned 0:9:37 First flight of Saturn V launch vehicle. Placed unmanned Apollo 
command and service module in Earth orbit. 

Jan. 22, 1968 Unmanned 0:7:50 Earth orbital flight test of unmanned Lunar Module. 
Not recovered. 

April 4, 1968 Unmanned 0:9:57 Second unmanned test of Saturn V and Apollo. 

Oct. 11, 1968 

Dec. 21, 1968 

Mar. 3, 1969 

May 18, 1969 

July 16, 1969 

Nov. 14, 1969 

Apr. 1 1, 1970 

Jan. 31, 1971 

July 26, 1971 

Apr. 16, 1972 

Dec. 7, 1972 

Walter M. Schirra, Jr. 
Donn F. Eisele 
R. Walter Cunningham 

Frank Borman 
James A. Lovell, Jr. 
William A. Anders 

James A. McDivitt 
David R. Scott 
Russell L. Schweickart 

Thomas P. Stafford 
John W. Young 
Eugene A. Cernan 

Neil A. Armstrong 
Michael Collins 
Edwin E. Aldrin, Jr. 

Charles Conrad, Jr. 
Richard E Gordon, Jr. 
Alan L. Bean 

James A. Lovell, Jr. 
Fred W. Hake, Jr. 
John L. Swigert, Jr. 

Alan B. Shepard, Jr. 
Stuart A. Roosa 
Edgar D. Mitchell 

David R. Scott 
Alfred M. Worden 
James B. Irwin 

John W. Young 
Charles M. Duke, Jr. 
Thomas K. Mattingly I1 

Eugene A. Cernan 
Harrison H. Schmitt 
Ronald E. Evans 

10:20:9 First U.S. 3-person mission. 

6:3:1 First human orbit(s) of Moon; first human departure from 
Earth’s sphere of influence; highest speed attained in human 
flight to date. 

Successfully simulated in Earth-orbit operation of lunar module 
to landing and takeoff from lunar surface and rejoining with 
command module. 

10: 1:l 

8:0:3 Successfully demonstrated complete system including lunar 
module to 14,300 m. from the lunar surface. 

8:3:9 First human landing on lunar surface and safe return to Earth. 
First return of rock and soil samples to Earth, and human 
deployment of experiments on lunar surface. 

Second human lunar landing Explored surface of Moon and 
retrieved parts of Surveyor 3 spacecraft, which landed in Ocean 
of Storms on Apr. 19, 1967. 

Mission aborted; explosion in service module. Ship circled, 
Moon, with crew using LM as “lifeboat” until just before 
reentry. 

Third human lunar landing. Mission demonstrated pinpoint 
landing capability and continued human exploration. 

10:4:36 

5:22:55 

9:0:2 

12:7:12 Fourth human lunar landing and first Apollo “J” series mission, 
which carried Lunar Roving Vehicle. Worden’s inflight EVA of 
38 min. 12 sec was performed during return trip. 

Fifth human lunar landing, with Lunar Roving Vehicle. 11: 151 

12:13:52 Sixth and final Apollo human lunar landing, again with roving 
vehicle. 
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John F. Kennedy, Memorandum for Vice President, 20 April 1961, Presidential Flies, John F. 
Kennedy Presldentlal Library, Boston, Massachusetts. 

This memorandum led directly to the Apollo program. By posing the question “Is there any . . . space 
program which promises dramatic results in which we could win?” President Kennedy set in motion a review 
that concluded that only an effort to send Americans to the Moon met the criteria Kennedy had laid out. This 
memorandum followed a week of discussion within the White House on how best to respond to the challenge 
to U.S. interests posed by the 12 April 1961 orbital flight of Yun Gagarin. 



MEMORhEDUsM FOR 

V I C E  P K E S I D E N T  

Ln a c c o r d a X c e  wi th  o u r  c o n v e r s a t i o n  I would l i k e  
fo r  you  a s  C h a i r m a n  G f  t h c  S p a c e  C o u n c i l  to b e  in  c h a r g e  of 
m a k i n g  a n  o v c r a l l  s u r v e y  of w h e r e  w e  s t a n d  in s p a c e .  

1. Do w e  have a c h a n c c  of b e a t i n g  t h e  S o v i e t s  by 
pu t t ing  a l a b o r a t o r y  in  s p a c e ,  o r  b y  a t r i p  
& r o u n d  t h e  moon,  o r  by  a r o c k e t  to l a n d ' o n  the  
m o o n ,  or by a r o c k e t  to g o  to t h e  m o o n  a n d  
b a c k  u*ith a man.  Is t h e r e  a n y  o t h e r  space 
p r o g r a m  w h i c h  p r o m i s e s  d r a m a t i c  r e s u l t s  i n  
which  w e  c o u l d  w i n ?  

2. H o w  m u c h  a d d i t i o n a l  would  i t  c o s t ?  

3 .  A r e  wc w o r k i n g  2 4  h o u r s  a day o n  ex is t ing  
p r o g r a m s ,  If not. why not? U n o t ,  will you 
m a k e  r e c o r n e n d a t i o n s  to me as to h o w  
w o r k  c a n  be s p e e d e d  up. 

4. In b u i l d i n g  l a r g e  b o o s t e r s  s h o u l d  w e  p u t  out 
e m p h a s i s  on n u c l e a r ,  c h e m i c a l  o r  l i q u i d  f u e l ,  
or a c o m b i n a t i o n  of t h e s e  t h r e e ?  

5. A r e  w e  m a k i n g  m a x i m u m  e f f o r t ?  A r c  we 
a c h i e v i n g  n e c e s s a r y  r e s u l t s ?  

I h a v e  a s k e d  J im Webb, Dr .  W e i s n e r .  S e c r e t a r y  
M c N a m a r a  a n d  other r e s p o n s i b l e  o f f i c i a l s  to c o o p e r a t e  w i t h  
y o u  f u l l y .  
e a r l i e s t  p o s s i b l e  moment .  

I would a p p r e c i a t e  a r e p o r t  on  t h i s  a t  t h e  



APOLLO: A RETROSPECTIVE ANALYSIS 

Lyndon B. Johnson, Vice Presldent, Memorandum for the Presldent, “Evaluatlon of Space 
Program,” 28 Aprlll961, NASA Hlstorlcal Reference Collection, NASA Headquarters, Washlng- 
ton, D.C. 

This memorandum, prepared by Edward C. Welsh, Executive Secretary of the National Aeronautics and 
Space Council, and signed by Vice President Lyndon B. Johnson, was the first report to President Kennedy on 
the results of the review he had ordered on 20 April. The report identified a lunar landing by 1966 or 1967 as 
the first dramatic space project in which the United States could beat the Soviet Union. The Vice President 
identified “leadership” as the appropriate goal of U.S. efforts in space. 



Subjcct: Evaluation of Space P r o g r a m .  

R E S I D E N T  

C. 

April  28, 1161 

Rcfercncc is to  your April 20 mcmorantlum asking certain questions 
regarding this country's space p r o g r a m .  

A detailed s u r v c y  has not becn complctcd in  this t ime period. The 
examination will continue. I I o w c y c r ,  what w e  havc obtained so far 
from know1 cdgca l l c  and rcsporisiblc pcrsons m a k e s  this s u m m a r y  
reply possihlc. 

Among thosc who havc participated in  our dclibcrations have been f h c  
Sccrctary and Dcputy Sccrctat-y of Dcfcnsc; Ctcncral Schricvcr ( A F ! ;  
A d m i r a l  I h y w a r d  (Navy); Dr. von Uraiin (NASA);  the Administrator, 
Dcputy Administraior,  and othcr top officials of NASt I ;  thc Special 
Assistant to thc Prcs idcnt  on Sc ience  and Technology; rcprcccntatives  
of tlic Dircctor of the Dureau of thc nudgct; and thrcc outstanding non- 
Goverruncnt  citizens of thc g c n c r d  public: 
(Drown & Root ,  Houston, Tcxas); Mr. Donald Coolc (Amcriczn Elcctric 
Powcr Scrvicc,  Ncw York, N. Y. ); and hlr. Frank Stanton (Columbia 
Broadcasting System, Ncw Yorlc, N. Y. ). 

Xlr. G e o r g e  D r o w n  

The following genera l  conc.lusions can be reported: 

a. Largely due to thcir  conccntratcd efforts and their  
ea r l i e r  emphasis upon thc dcvclopmcnt of large rocket  
engincs, the Sovictc arc ahcad of the Unitcd S t a t c s  i11 
world p r c s  tigc attninccl tlirou~;fr imprcss ive  technological 
ac  c o rnp t i  s h m c  n t I; i n sp ac c . 

- 

b. Thc U.S. has grea ter  r e sources  than  the USSR for  
attaining spacc lcadcrship but has failcd to rnn1:c t h c  
ncccssary  hard decisions and to rnarslid thosc rcsourccs  
to achicvc s u c h  lcadcrsh ip .  

b - 
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I 

‘c. 
other nations,  r e g a r d l e s s  of their  appreciation of our 
idealistic values’, w i l l  tend to align themselves  with the 
country which thcy believe will be the world l eade r  -- 
the winner i n  the long run. Dramatic  accomplishments 
in space are being increasingly identified as a major  
indicator of world l eade r  ship. 

This cbuntry should be r ea l i s t i c  and recognize that - 

d. The U.S. can,  if i t  will, firm up i t s  objectives and 
employ i t s  r e s o u r c e s  with a reasonable  chance of attain- 
ihg world leadersh ip  i n  space  during this decade. This 
wi l l  be difficult but can  be  made  probable even recognizing 
the head s t a r t  of the Soviets and thc likelihood that they 
wil l  continue t c  move fo rward  with impress ive  successes .  
In ce r t a in  areas, such as communications,  navigation, 
weather, and mapping, the U.S. can  and should exploit 
its existing advance position. 

- 

P 
f . .  Even i n  those a r e a s  i n  which the Soviets a l ready h a v e .  
the capability to be f i r s t  and are likely to improve  upon 
- 

e. If we do not m a k e  the s t rong  effort  now, the time will 
soon be r eached  when the marg in  of cor,trol over  space  and  
over men’s minds through space  accomplishments  will have 
swung s o  far on the Russ i an  s idc  that we will not be able ta  
catch up, l e t  alone a s s u m e  leadership.  

- 

such capability, the United States  should make aggress ive  
efforts as the technological gains as well as the international 
rewards  are essent ia l  s t eps  i n  eventually g a i d n g  leadership.  
The danger of long l a g s  or outright omiss ions  by this country 
is s u b s t a n t i d  i n  view of the possibil i ty of g rea t  technological 

0 breakthroughs obtained f r o m  space  exploration. r g. only an achievement with grea t  propaganda value,  but it i s  
essent ia l  as a n  objective whether  or not we a r e  f i r s t  in  i t s  
accomplishment -- and we  m a y  be  able  to  be f i r s t .  W e  
cannot leapfrog such accomplishments. ,  as they a r e  essent ia l  
sourccs  of knowledge and e-uperience for evcn grcater S U C -  

c e s s e s  in  space.  
the benefits of their  exper iences  or the  advantages of their 
capabilities to us. 

Manned exploration of the moon, f o r  example,  is not 

t 

W e  cannot expect the  Russ ians  to t r ans fe r  

W e  must do thcae things ourselvcs .  
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h. 
how we stand i n  the space race,  told of our determination 
to lead i n  that race,  and advised of the importance of such 
leadership to our future .  

i. 
space program as soon as possible. 
with a bold program, whilc at the same  time taking every < pract ical  precaution for  the safety of the persons actively 

The American public should be given the facts as to - 

More resources  and m o r e  effor t  need to be put into our - 
We should m o v e  forward 

I participating i n  spzce flights. 

A s  for the specific questions posed in your memorandum, the follow- 
ing brief answers develop from the studies m a d e  during the past f e w  
days. These conclusicns a r e  subject to expansion and more  detailed 
examination as  our survey continues. 

Q. 1 - Do we have a chance of beating the Soviets by putting 
a laboratory in  space, or  by a t r i p  around the moon, or  by 
a rocket  to land on the moon, o r  by a rocket to go to the 
moon and back with a man. 
which promises dramatic res;?lts in  which we could win? 

- 

Is there  a n y  other space p rogram 
i 

A . l  - The Soviets now have a rocket capability for putting 
a multi-manned laboratory into space and have already 
crash-landed a rocket on the moon. 
booster capability of making a soft landing on the moan 
with a payload of instruments, although w e  do not know how 
much preparation they have m a d e  for such a project, 
for a manned t r i p  around the moon o r  a safe landing and 
return by a m a n  to the moon, neither the U. S. nor the USSR 
has such capability at this time, s o  far as we know. 
Russians have had more experience with la rge  boosters and 
with flights of dogs and man. Hence they might be conceded 
a time.advantage i n  circumnavigation of the moon and also 
in  a manned t r ip  to the moon. 
effort, the Unitcd States could conceivably be f i rs t  in those 
two accomplishments b y  1966 or 1967. 

- 
Thcy a l sohave  the 

As- 

The 

However, wi th  a strong 
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There are a number of programs which the United States 
could  pursue immediately and which promise  significant 
world-wide advantage ovcr the Soviets. 
communications satell i tes,  meteorological and weathc 
satell i tes,  and navigation and mapping satellites. These 
are a l l  a r e a s  in which we have already developed some 
competence. W e  have such programs and believe that the 
Soviets do not. Moreover, they a r e  programs which c m l d  
be made operational and effective within reasonably s h n t  
perrbds of time and could, i f  properly programmed with 
the in te res t s  of other nations, make u s e f d  s t r ides  tow#rrd 
world leadership.  

Among these  a r c  

. I  - Q. 2 - How m’uch additional would i t  c o s t ?  

A. 2 - To s t a r t  upon an accelerated p rogram with the afore- 
mentioned objectives c lear ly  in  mind, NASA has submi!.tcd 
an analysis  indicating that about $500 million would be 
needed for  F Y  1962 over and above the amount currentlit 
requested of the Congress. A p rogram based upon NA,(Ars 
analysis would, over a ten-year period, average approrrimately 
$1 billion a year  above the cur ren t  estimates.of the existing 
NASA program. 

- 

While the Department of Defense plans to make a more 
detailed submission to me within a few days, &he Secrefary 
has taken the position that there  is a nced fo r  a st rong 
effort to develop a l a rge  solid-propellant booster and that 
his Department is  interested i n  undertaking such a projcc:t, 
It was understood that this would be  programmed in  accord 
with the er is t ing arrangement  fo r  close cooperation with 
NASA, which Agency is undertaking s o m e  r e s e a r c h  i n  this 
field, H e  est imated they would need to  employ approximxtely 
$50 million during F Y  1962 f o r  this work but that this could 
be financed through management of funds already requested 
in the  F Y  19 62 budget. F u t u r e  defense budgets would include 
requests fo r  additional funding f o r  this purpose; a prel iminary 
estimate indicates that about $500 million would be Seeded in  
total. 
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Q. 3 - A r e  w e  working 24 hours a day on existing programs. 
U.not, why not? Lf not, wi l l  you make recommendations to 
m e  as to how work can be spccdcd up. 

---.II- 

A. 3 - There is not a 24-hour-a-day work schedule 011 exist- 
ing NASA space programs except for selected areas in 
Project Mercury, the Saturn-C-1 booster, the Ccntaiir engines 

-. 

and the f i n d  launching phases of most flight mission:;. 
advise that their  sc hcdulcs have bcen  scared  to the - availability 

They 

of facilities and financial resourccs ,  and that hcncc their  ovcr- 
time and 3tshi f t  arrangements exist only in those activities 
- 

in  which thierc a r e  particular bottlcnccks or which are holding 
up operations in  other p a r t s  of the programs, 
they have a 3-shift 7-day-week operation i n  cer ta in  work at 
Cape Canaveral; the contractor for Project  Mercury has  
averaged a 54-hour weck'and employs two o r  three shifts in 
s o m e  areas; Saturn C-1 at Huntsville is working around the 
clock during c r i t i ca l  test periods while the remaining work 
on this project averages a 47-hour wcck; the Centaur hydrogen 
engine is on a 3-shift basis in some portions of the contractor ls  

For example, 

plants. 

This work can be  speeded up through ~ -- firm d e c j s k n s  to go 
ahead f a s t e r  if accompanied by additional funds needed for 
the acceleration. 
c -- 
$2.4 - In building large boosters should we pupour emphasis  
on nuclear, chemical or liquid fue l ,  or a combination of these  
th ree?  

- 

A . 4  - It was the consensus Chat liquid, solid and nuclear 
boos t t r s  should all be  accelerated. This conclusion is  
based not only upon the necessity for back-up methods, but 
also because of the advactages of the different types of 
boosters  for different missions. 
phasis would meet  both so-called civilian needs and defense 
r equi r ernen t s . 

A program of such em-  
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Q. 5 - A r e  we making maximum effort? 
ing necessary rcsults ? 

A r e  we achiev- 
7 

A. 5 - W e  are neither making maximum effort nor achiev- 
ing results necessary if this country is  to  reach a position 
of leadership. 

- 



APOLLO: A RETROSPECTIVE ANALYSIS 

Wernher von Braun to the Vice President of the United States, 29 April 1961, NASA Historical 
Reference Collection, NASA Headquarters, Washington, D.C. 

Of all those consulted during the presidentially-mandated space review, no one had been thinking longer 
about the future in space than Wemher von Braun. Even when he had led the development of the V-2 rocket 
for Germany during World War 11, von Braun and his associates had been planning future space journeys. After 
coming to the United States after World War 11, von Braun was a major contributor to popularizing the idea of 
human spaccflight. As he stressed in his letter, von Braun had been asked to participate in the review as an 
individual, not as the Director of NASA’s Marshall Space Flight Center. Von Braun told the Vice President in 
his letter that the United States had “an excellent chance” of beating the Russians to a lunar landing. 

I 

I 

i 



Tho V i c a  Proeidont of the'United Stateta 
Tho W h i t o  Houoe 
Waohington 25, D. C. 

M y  doar Mr. V i c e  Prooidantr 

Thie is anottompt to anawor aomo of tho qucetiono about our 
ra t ional  epaco program raised by Tho Presidont in hie mcmorandum 
to you dated April 20, 1961. X ohould liko to emphaeizo that tho fol- 
1o-g commonts (3ro strictly my own and do not nccooearily rcflec: 
tho official position of the National Aaromutico and Spaco Adminia -  
tration in which 1 have the honor to scrvc. 

Quostion 1. Do we have a chance of bcatinz tho Sovioto by 
putting a laboratory in 8 p a C e h  or. by a t r i p  arou7d :ha moon, or by 
a rockot to land OA the moon, or by rockot to go to tnc moon and 
back with a maad Xa there any othor spaco prozrarn which pyomieos 
drpmatic reeults in which w o  could u M ?  

Answor: With-their recent Venus ehot ,  tho Soviote  demon- 
etrated that they have n rocket nt thcir dioposal which can placo 
14,000 pound8 of payload in orbit. W h a n  ono considars that our own 
ono-xnan Mercury apace capsule waighe only 3900 pounds, it kecornoo 
readily apparont that ' t h ~  Soviet carrier rockot should be capable 05 

- launching scveraf astronauts into orbit simultaneouoly. 
(Such an enlarged multi-man capsule-could bo considorad 
and could serve a6 a small "laboratory in apaco". ) 

0 soft-landing a substantial payload on the moon. M y  
e s t i z n a t e  of tho maxhum soft-landcd net payload weight 
the  Soviat rockot is ca2abla of is about 1400'poundo 
(ona-tenth of it6 low orbit payload). T'nh wyight capa- 
bility € 8  not sufficient to include a rocket for the  re turn  
f l iFh t  ta earth of a maq lsnded on the moon 
entiroly adequate for a powerful radio transmittor which 
would relay lunar data back to earth and whfch would bo 
abandone'd on thu lunar surface after cornplotion of th3s 

- 
But it i o  
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I 

A rockct zbout tcn :Inice S G  r>~\*ii:=ful 29 tkc  Eo-.rii.: 
Venus hunch rockot is rcquircd to l xzd  a man nn '::e rzoor'. ZX, or::;? 

him back to carth, DavcloTxcnt of rruch a cupar rockc; car, Lo cir- 
cumvcntad by orbital rcndczvouc and rcfucling of cmallcr rockcLs, 5 ~ :  
tbo dovclo2mont of thio tcclmiquo by tho Sovicts would not bo hid<ca 
from our oyce and would undoubtedly rcquiro rcvorsl y c z r o  {potGiXy 

10- or OVM longor than tho devolopmeat of 3 larga dizoct-fEZ'n; 
=per rocket), 

- . -  

S u m m i q  up, it 13 my bclicf 'ihzt 

a) we do no: havc a good chsncc of besti::g *50 Sovioto 
Lho liu6sbizs 0 

- 
to ;L msnnod ' laboratory in 63acc. " 
could place it in orbit thic ycar whilo wc c o d 2  
cabblish z (somewhat heavier) laboratory only 
aftcr thc  availability of a raliablo S a k z c  C-l  'w'dch 
i o  in 1964. 

b) wo have a ciporting chance of bcstinG t ! !c Sovicta to 
a ooft-luciing of a radio transmittor Gtat13:- on tho 
moon- 
their program, but a s  far as tho hunch rockct i o  
concornod, .they could do it at any tLmc. N o  plan 
to do it with the Atlas-Ago= B-boosted Rangor 93 
in early 19 62. 

- 
It i o  hard t o  say wlicthor this objactivo is  on - 
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c )  wa hnvo a sport!ng chsnco of Gcnding a 2-.-0= 
c r o w  around t h o  3om-i & o ~ d  0: thc Sovicia 
(l965/ 66) .  Howovor, t l i o  S o v i o t o  could conduct ~. 

a round-tho-moon v o ~ z o  oar l io r  if *&oy Z:J 

ready to waivo cartsin cmorgcncy oafaty fca- 
t u r o o  w d  limit t h o  voy;lao to OAO m a  
o o t h a t o  is that t h o y  could pcrform thio 
oimplifiod taek in 1962 or 1963. 

M y  

d) wo havo an axccllent chsnco of beating t \c  
Soviate  to tho first lqn2inc of a C T C V J  on ~c 
moon (including roturn cqnbility, of c G i r o c ) .  
The r e ; i B Q n  i s  that J pcrformmcc ju;mp by G 

factor 10 ovor their prosont rockcts is xxcaz- 
o a r y  to accomplish this fo2G V I h i l c  to6ay wo 
do not hava ouch a rockct, it i a  unlilccly thz: 
tho Sovioto hava it. Thcrcfozo, WG would r o t  
have to enter t h c  race toward thia  obvisa; zc::. 
g o d  in space oxploration against hcpaio38 oa<o 
fnvoring the Sovicto. 
program I think w o  could accomplioh thio 
objocttvo in 1967168. 

_I_ 

Witll ; ~ 1  all-out crada 

Queetion 2. How much additional would it  COG^? 

Answer: I think I ahould not attampt to amwar C.-:z 
q u o s t i o n  boforo t h ~  exJct objoctivos and tho tLno plza =or 5;1 accal- 
oratad United Stat06 space program havo bcon a o P o ; ~ n i n ~ d : ,  
Eowovor, I can say with soma dagrce of ccrtakty L\ZC 5x0 nocoonary 
funding increase to meet objoctive d) abovo would bo w d l  ovor 
$1 Billion for 6Y 62, and that tho requirod ~ ~ C ~ C X L ~ C S G  io;: s L i > _ S O q u u  
fiiocal yooro moy run twice as his& or mora 
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Ouont ion  3. Ara w o  working 24 hour0 3. day on cxicting ?roo 
gram;? tf not, why not?  
to m a  a n  to how work CM b o  opacdod up. 

If not, v A l l  you d o  zcconu;?cnda:iotr3 

V I 0  iaro not worlclnz 2 / .  houro a Gay on oxicting - An n VJ o r : 
programo. At prcoknt, work 02 NAtA'o %arc projcct 2rococd3 03 

=;;3 basic ona-shift basis, with ovortimo and multi2lo zhift opcratiosz 
approvad h critical "bottlancck" nroao. 

D2rir.g ~ \ g  m.=n~h~g =f J~?.&ar-- J ,  .. ;?-I.- ,,*usry ;-.a 
March 1961, NASA'G Gcorgo C. Marshall Spaco 'light Cc;i;c;-, 
which hoe syc tomo marAgament for thc cntirc Sz.turn vchiclo z-.d 
dovolopo tha largo firot stag0 aa xi inlouse projcci. hac worked aa 
avorago of 46 houro a waok. This includaa all xkdnic:z;tivo zad 
clorical activities. 
( d o s i p  activitioe, ae6crnbly. Lnspccting, tasting), cvozsgo  wozidn;: 
t ime for the 8-0 period was 47.7 hours a wcc~k,, with Lzadlvidcrl 
ponko up to 54  hourc par w e c k  

Tn tho araae critical foz the Szturn ?:-ojac: 

Exparionco indicstco  that  ia RoGearch ?K D z v d -  
opmant work longor hourp arc not coaducivo to progrono bac tusc  zf 
hazard8 introducod by fatiguo. In tho aforcmcntionod critical x - c L n .  
a sacond ehift would groatly allaviatc tho  tight 6 c h a d d i z ~  Gitu2:io.a. 
However, a d d i t i o d  fund5 and pernoruiol irpaceo aro roquirc6 ta n l z c  
tr socond rihif:, m d  neither a r o  available at *&io t h o .  
help would bo moat cffcctivc. 

IT. t l i ie arc2, 

Introduction of a tt.ird khift cannot bo r o c o x -  
mendod for Research & Devclopnont work, 
anca h&catoe  that a two-ehift operation Wi'A moderz:s but not 
excoeoive ovortirrie producoe the besc rosulta. 

h d c c t r y - w i d o  -a=:- 

In induotrial plants engaged in tho Saturn pya- 
g r a m  t h o  oituntioa i o  approximately tho samo. AModarztcly inc~czsed 
funding to parmit graatar u a e  of premium paid ovor:t=a, pi-'\;dcntly 
applied to mal 'bttleaack" aroatab can dofh i to ly  cTaod c;5. tho pzo- 
izr- 
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a c e t i o n  4. In building largo booatcrc  ohodd wo pct ou;; 
c m p h o i o  on nucloar. chamictl or  liquid fuol, os a combi-~'ion' 
of t h o 0 0  tkroa? 

1161 
, 

o w o  r : It i e  t h o  conccncuG of opixion Zdnong r.ort  rockc ;  
nlon and raactor ox-porto L ! i z t  tho futuro of tl.c raucloai- r<ic:co; 1-0; :a 
doap- opaco oporrrtione (uppor o : a ~ e o  of chcrnicLlly--aoozi:cd i -ockc:~ 
O r  nucloar E ~ ~ C O  v'chicloo dcpartinc from an orb;: around t h o  c;rCF.=) 
rsthar than in hunchlng8 (under nuclosr pcwor) Troi-n t h o  grouzd. LI 
addition, thara c ; ~ n  bo Uttla doubt that thc bzsic fochaology of riuclcar 
rockets i o  a t i l l  in i t o  early ~ ~ ~ Z I I I C Y .  

f o r a  bo lookod upon an a promioing mcnnc to cx;ond 2nd oxpz--cl Cha 

ocopo of our spaca oparrrtione in thc yoars bc-pnd 1967 or 1968. 2: 
.anodd not bo conoidorad as a eoriouo contondo7 Ln tho big boon:;r 
problom of 1961. 

The nucloar rocket shod2 CICZC- 

The foregoing commont r c f o z o  to tho L I L I I ~ ~ A C S ~  a d  
moot etraightforward typo  of nuclcsr rockct, Viz. thc "hca.; :razzioi- ' l '  
or ''blow-dowra" typo,  whereby liquid hydrogen is o c 2 O i L t a d  znd 
suporhontod ha a very hot nuclcar reactor z-2 cu5soqucntly c i p x b d  
thrqugh a nozzlo. 

T h o r o  is also a fu-?dzuncntally difforon: t s i  oi 
nucloar rockot propdo ion  s y s t e m  in tho worko which i a  c c u d l y  
rcfcrred to aa "ion rockot" or "ion propulsion". Ecrc. 5 c  Z U C ~ G X -  

cncrgy l e  first convortcd into cloctrical powcr which 1s 5 c n  UCCG ;r= 
axpel "ionizcd" (i. o., cloctrically charged) pazticloe k-to t ho  V,CCC= 

of outor spaaa at cxtrcmcly high q e e d s .  
forco  is tho i o n  rockct's'thru6t1'. 1: Ls in the very mturs 0: n=clcL=. 
ion propuleion eyatcme that they cannot be usod in the atmocphero. 
UbUo very cfficiont in propcllant economy. thoy t r o  capabla only of 
v&y small thrufit forcec. 
af' all. 
low-thruot, high-economy cruieo power for L?tcrplazlc+-=.-/ vayag~s. 

Tho re6dt iq  rcac5o;l 

Therefor0 they do not qua?Uy ao '"'ooo6t~r;" 
The future of nuclear ion propulsion l ice in It: ;??lica,tioa fc? 

AB to "chemical or liquid fuel" '13,~ Prosident 'o  
queetion undoubtedly referc to a comparison bctwoan ' ' G o X ~ "  xid 
'liquid" rocket fuels, both of which involvo chamicd r a c "  c i O n 6 .  

At the present tixne, our most poworfd rockat  
h a t a r o  (Atlao, f irot  o t a g e  of Titan, f i r o t  otago oi iktuzn) 5-0 zi3 
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liquid fuol rockat6 a n d  all available avidcnco indicatoo that t h o  So-datn 
aro d o 0  uoing liquid fuolo f o r  t j ioir  ICZM'v a d  opaco h ~ n ~ ' n h > c o .  TZb 
lrrrgoot solid fucl rockoto in oxis tcnco  today (Niko Zcos boostor ,  :kc: 
o t a z o  Minutcrrw~1, f i r o t  8trrgc Polaria) aro  subt:an:idly omdlc: 
1 0 0 0  powarfulr T h o r o  i n  no quaction in m y  m h d  that, WAQZ it comoa 
to building vary  poworful boootar rockot nyotcmo,  t h o  body of c q o z -  
ianca nvallablo today with liquid Zucl cyatrz-n Crcntly oxcoada that 
'4th solid f u d  rockats, 

Thero can  bo AO quostioa t b t  k r g c r  Lid m o r 0  

On tho o&o= h x d  it 
poworfd aoiid iuoi T O C k C t B  CM bo bui l t  
major  broakthrougha aro rcquircd to do 00, 

should not bo ovarlookad that a casing fi l lad with 60Xa >ropc lka :  aad 
a nozzlo nttachod to it. whilo cntirely capablo of prociuciag thrccit. io 
not y c t  a rockot ohip. And although tho roliability rccord of tcjild 
fucl rockot propu lo ion  unitsl t h s n k e  to their cimplicity, is L i p r o z -  
e i v o  nnd bcttcr than that oi liquid p r o i n l o i o n  writs, AS-aic l o o c  no: z?ply 
to comploto rockot  syetcme, including y i d a n c o  syotcixL,, COZL-01 
d o m s n t o ,  etago eoparation, etc. 

1 do xot bal icvo ti..-: 

Anothor  important point is that boostor p c z f o ~ x -  
anco should not bo mcasured in terms oi t h r u o t  <o;.co d o n a ,  b ~ .  IT. 
t o r m e  of total impuloo; i. o., tho Trocluct of thruot ~ C Z C O  axi  o 2 o r -  
atins t h o .  
tha burning t i m o  of eolid fuol roc!cc;:a bcyond abou: 6C - x a : - d ~ ,  . 
whorca8 moet liquid fuel booeters havo buraizg tixrios G: 132 GocO2d3 
and M01f0. Thua, a 3-million pounC; thrust eoiid ZOC1i2, s-' L,? ;ccoz~zd~ 
burning t h o  i a  actually not mor0 powerful, thzz 1 L 112---:---az :,cad 
thrust liquid booetor of 120 oeconde burning tkL-..:. 

For  a numbor of r e a n o n 8  it is advantt:;;:; ZG: :a caeii.2 

.-.-. 
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My rocommondstion i o  to. aubatmtidly iacr::.dd 
tho lovol o! offort  and funding in tho f ic id  of oolid fucl r o c ! c c t o  {by 
30 or 50 million dollaro for .FY 6 2 )  With tho immodia:a 05;scdvcc cf' 

- dcmonstration of tho foLcibil5ty of vci-y h r z o  
oogmcntod aolid fucl rockctg. (i-ianclli.-..c --id 
e h i p p h g  of ,nulti-million pound nolid f u d  
rockctn bocomo u n m w g c a b l c  u d c s e  -&a 
rockota, consiat of smallor individual scgrnonts 
which c m  bo assemblod in building block faskioa 
at  tho  launching eito. ) 

c dovolopment of simplo ir=o;cc:ion rr,c;'aodo to 

aro fro0 of dangoroue cracks or -:do 
mako cartain that such hugo Bolid Cud i-ockc'" .ad 

- dotonmination of tho moat auitabio o p o r a ' i i o d  
m a t h o d e  to ship, handlo, aasombic, ci.ccic LC: 
launch very  large solid fucl rociccts. 
would involvo a a o r i c a  of papor studios ;b 
anowor quoatione euch aa 

Thi3 

CL. Aro clLstors of smallor solid :oclccts, o r  
iruco, aingla pourod-in-launch-zi:o z a l i d  
fuel rockots, poiisibly auporioz to sogixe2tcd 
roclccta 3 This question must bc azzdyzcd  at 
j u s t  from the propd6iOn anzle, but f r o =  t ho  
oporatiorid point of vicw f o r  the t o t d  GPLCO 

transportation s y c t o m  and i ta  attc-Az:  ~ z z - u d  
6upp 0 rt equipment, 

b. Launch pad safety and rango safety c=itb---- 
(h'ow io tho total operation at C a p  Ca:-sv,;-A 
afiscted by the prooonce of loaded mule- 
million pound eolid fual bO06tarO?) 

c. Land VG off-shoro V B  6ca launchjags of l z rgo  
eolid fuel rockota. 

d, Rcquircmonts for manned launchingn (How to 
shut tho boostor of1 in cabtl of trouble to par- 
mit s a f e  migoion aSort and crew capaulc 
recovory? 
eafo ty  procoduroo ohould be providod? 1 

Lf t h i o  i a  difficult, wha'i'othar 
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Quc6tion 5. Aro wa making mrubum effort? A-o w o  ;sc;iisvhz 
nocoanary r a o u l f o ?  

Sn m y  opinion, tho m o o t  offoctivo r.:opa to :=ny ,~ovo  
our utional otntura in tho c p c o  f iold,  a d  to cpccd 'Ainzn up would 
be to 

0 idcntify n f o w  (tha fower tho bot tor )  goals in our opaco 
p r o g r u n  n e  objoctives of highest national pziorlty. 
(For cxi31llpi~a 
or 1968.  ) 

Lot ' s  land a m a  on tbo moon i x  1967 

A 

- idantify thoso alemcnti of o u r  ~ Z G S C R ~  cpaca p=.ocr=-m 
that would qual i fy  as immeclhte co;itribu:iom to tkic 
objoctivo. (For examplo ,  cof t  1xi:dings of o\;itz.blc 
instrumontation on thc moon to ccterr;=iaa '&a czc.l=oz- 
mcntd conditione m a n  will find chcze. 1 

- put all other olemcnts of aur natio;z;l ;?tcc, ~ Z G Z : ~  

on tho '%back burnor' ' .  

add anothar mDre poworfulAboostcr to ouz na.:lo;lsl l~-az--ck 
vohicla program. The dcsign par;r?lc;cz3 of thic  FJooz;,:- 
6hOdd allow a certain flexibility fez-deoircd. ?~-OLZL-. ,I,- 
oriontation ai3 mora expcriance Le gzthoza& 

I + J  A d  
0 

I Zxxnpla:  Dovelop in addition to what is >cia2 dono today, 
a firet-stage~boocter of t \ v i C a  the t o t d  iXpds2 oi s;2:--'3 
fir.ef s t a g e ,  designed to be usod in clsiitzrs ii :iccdcd, 
With thie booster w e  could 

a. double Saturn's procently cne3lor,c:d pzyioad. 
Thi8 additional payload capabiliLy would bo vory 
helpful for soft instrument landing6 oa tho moori, 
for circumlunar flights and for thc f i n d  objoctlva 
of a mannod 1anai.n~ on the moon (if a fcw yeayo 
from now tho route via orbital ;.o-<ueling ohould 
turn out to ba the n io ra  promising oca.} 

[:q;hLJ 
. C  

b. assemb1a a much la rger  unit by atrappiag t h r e e  
or fouz b o o s t ~ r e  together h t o  a clustor. 
apprGach would be talccn should, a i aw yoarci 
hence, orbital renclozvouc and r o f c e l h g  zun ;?to 
dLfficultia6 and the "direct zoute" foz t !~o zn-od 
lunar b n d i n g  thua sppoaro mom prorniabg. 

Thio 
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Summing  up, I should l ike to s a y  that i n  the s p a c e  
race  w e  are  competing with  a de termined  opponent whose  p e a c e t i m e  
e c o n o m y  is o n  a wart ime  footing. 
for order ly ,  peace t ime  condit ions .  
race un les s  w e  take a t  l e a s t  s o m e  m e a s u r e s  which thus far  have been  
cons idered  acceptable only i n  t i m e a  of a national erne rgency.  

M o s t  of our procedures  a r e  d e s i g n e d  
I do not be l i eve  that w e  can win this 

Yours re  s p": c tfu 11 y, 

W e r n h e r  von Braun 



Overton Brooks to the Vice Presldent 1 APOLLO: A RETROSPECTIVE ANALYSIS 

of the United States, 4 May 1961, NASA Historical 
I Reference Collection, NASA Headquarters, Washington, D.C. 

Overton Brooks (D-LA), chair of the powerful House Committee on Science and Astronautics, wrote to 
Lyndon Johnson on 4 May proposing a strung U.S. civil program in space as the best means of demonstrating 
‘‘w u i voc al leaders hiD in %ace E xoloration.” He emphasized the prestige factors involved in the U.S./ 
U.S.S.R. rivalry during the Cold War, and offered several possible options to pursue in meeting the challenge, 
among them an aggressive Apollo effort. I 
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MEMORANDUM 

To: The Honorable Lyndon B. Johnson, Chairman, 
National Aeronautics and Space Council 

Prom: Overton Brooks, Chairman, 
House Conunittee on Science and Astronautics 

Subject: Recommendations re the National Space Program 

General 

It i s  my belief -- and I think on this point t h a t  
I can speak for  our committee -- t ha t  the United S ta tes  must  
do whatever  is necessary t o  qair, unequivocal leadership i n  
Space Exploration, 

This means the  procurement and u t i l i z a t i o n  of s u f -  
ficient scientific t a len t ,  labor and material  resources as  
w e l l  as the expenditure of suf f ic ien t  funds. This means 
working around the clock, i f  need be, in all areas of our 
Space program -- not j u s t  a few. 

The reason is patent. Rightly or wrongly, leader- 
ship in space research and exploration has assumed such a 
powerful position among the elements w h i c h  form the p o l i t i c a l  
s ta ture  of our  country i n  the eyes of the world t h a t  we can- 
not afford to s l igh t  it in any fashion whatsoever. This is 
perhaps even more true of the nonin i l i t a ry  phase of o u r  
national space endeavor than it is of the m i l i t a x y .  Obviously, 
neither phase can be sl ighted,  

According to  the best information and estimates 
available to  our committee, the Soviets are putt ing about 2% 
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of t he i r  gross national product in to  their space effort -- 
possibly as much as 2%. For various reasons, this is a 
d i f f i c u l t  thing to cor re la te  i n  terms of equivalent dollars.  
B u t  I think i t  is indicative of national a t t i t u d e s  and e f fo r t  
t o  contrast  the R ss ian  percentage with the less than one- 

which i s  going i n t o  the space program, c i v i l i a n  and military. 
A similar f inancial  commitment on our pa r t  would involve some 
$10 b i l l i on  a year, 

half of one per c x! ,nt of the United States gross national product 

Of course, I am not suggesting anything of th i s  
magnitude, but I do believe we  need t o  accelerate  our space 
program to  the maximum t ha t  it can be accelerated by adding 
money t o  it. 

I understand the restrictions and l imi ta t ions  im- 
posed by our budget and by the many other legi t imate  demands 
for federal  money. B u t  I also am convinced t h a t  this space 
e f f o r t  m u s t  be made and can be made within the flexible con- 
f i n e s  of the existing budget. 

Let m e  emphasize t h a t  w h i l e  the recommendations t o  
follow deal mainly with the augmentation of our immediate 
and short-range program, we o n  this committee are equally 
committed to  a forceful  and stepped-up long-range endeavor- 
We believe tha t  a par t icu lar  e f for t  m u s t  be made t o  strengthen 
such programs a s  Apollo, Saturn, Rover and the solid-segmented 
and P-1 l iquid engine concepts. 

I t o t a l l y  r e j ec t  the defea t i s t  notion that we are  
so far behind the Soviets in certain space areas  t h a t  there 
is  l i t t l e  point i n  trying to  overtake them, nor can  I accept 
the philosophy t h a t  our Space endeavor should be limited t o  
a moderately-paced, purely sc ien t i f ic  program. I n  today's 
vola t i le  world our very security is linked t o  a dynamic, 
operational, broad-gauged program. 
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WHAT THE UNITED STATES CAN DO OH A SHORT-TERM BASIS TO RAISB 
U, S, PRESTIGE WITH RESPECT TO PRACTICAL SPACE ACCOMPL1S"TS 

1. There is no doubt t h a t  it w i l l  be f i v e  t o  e igh t  
years before we can overtake the Soviets with respect  t o  
operational use of very large rockets of e i t h e r  the nuclear or  
chemical variety'. 

\ 

2, If we are t o  do anything i n  the immediate fu ture  
to regain prestige,  w e  are intimately t i e d  to the propulsion 
system now i n  being, This is bas i ca l ly  Atlas, T i t a n  and Thoro 
Don't expect too much use out of Saturn until 1965, 

3, Based on A t l a s ,  Titan, and Thor, our only hope 
for short-term payoff will be t o  acce lera te  the  operational use 
of what I consider t he  u t i l i t y  packages, These are: 

(a) Worldwide communications s a t e l l i t e s  
(b) Worldwide t e l ev i s ion  satel l i tes  
(c) W o r l d w i d e  w e a t h e r  satell i tes 
(d) Worldwide navigation s a t e l l i t e s  

4. Worldwide communications and t e l ev i s ion  satellites 

I be l ieve  tha t  we can have them as useful systems in 
th ree  years on an experimental basis, They are important because 
the  nation tha t  cont ro ls  worldwide communications and te lev is ion  
w i l l  ultimately have t h a t  na t ion ' s  lanquaqe become the univerzl 
tonsue. 

5, Worldwide weather s a t e l l i t e  s y s t e m s  

We have already developed a strong and sound tech- 
nological leadership i n  t h i s  area, 
Soviets i n  the development of t h i s  type of s a t e l l i t e .  This is 
one area  where we can win worldwide competitive support. T h e  
world could be offered a l imited operat ional  system within one 
year, and a completely operational system within three years if 
w e  p u t  the money behind it. Attendant p o l i t i c a l ,  psycholcgical, 
and economic benefits t h a t  would accrue can be e a s i l y  measured 
against our political goals ,  

It appears tha t  w e  excel the  
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6 ,  The naviqation satel l i te  

The Trans i t  s a t e l l i t e  i s  w e l l  on i ts  way to being 
operational,  Wi th in  one year you could achieve a demonstrable 
worldwide navigation system. Within three years you could 
have a f u l l y  operat ional  system, including the development of 
ground read-outlequipment which would be r e l a t i v e l y  inexpen- 
s i v e  and could of fe red  t o  all countr ies  of the world. Such 
ground read-out equipment is already under development, O f f e r -  
ing all nations of t h e  world the use of t h i s  satell i te w i l l  
have an important effect w i t h  respect to the image we des i r e  to 
pro jec t  i n t e r n a t  ionally.  

7, Pundinq of u t i l i t y  packaqes 

My staff has estimated that it would require  an 
addi t ional  $100 to $150 m i l l i o n  t o  accelerate  the programs men- 
tioned above t o  i n s u r e  having them a l l  operat ional  within three 
years, except fo r  the t e l e v i s i o n  re lay  s a t e l l i t e ,  which may 
only be operational on an experimental basis within t h a t  time. 
The s igni f icant  reason f o r  increased funds will not be the 
cos t  of payload development, b u t  r a the r  the procurement of 
launch vehicles, launching services, and the production of 
worldwide read-out equipment. 

8 .  Inflatable s t ruc tures  

Curren t  developments i n  i n f l a t a b l e  structures may be 
s ign i f i can t ,  i n  t h a t  they represent one of the few ways i n  a 
r e l a t i v e l y  short time span of placing l a rge  s t r u c t u r e s  in 
space with our current  rocket vehicles. Snflatable  s t r u c t u r e s  
m a k e  small packages .in the  nose of a rocket and i n  space can 
be i n f l a t e d  t o  large,  complex shapes w i t h  p l a s t i c  foam hardened 
i n  double walls t o  create l igh t  weight, r i g i d  s t ructures .  They 
could be u s e f u l  f o r  placing payloads into space which we have 
previously thought could not  be done u n t i l  w e  had the  S a t u r n  
operational,  
m e n t  area might have significant short-term payoff. 

Perhqs $6 t o  $8 million invested i n  t h i s  develop- 

I 
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A POSSIBLE, SfiORT-TERM D W T I C  ACHIEVEMENT WITH 
RESPECT TO BASIC. SCIENCE 

TEE ORBITING ASTRONOMICAL OBSERVATORY 

The'first n a t i o n  w h i c h  is able, on the basis of obser- 
vat ion,  to mak& a cosmological determinat ion of the o r ig in ,  
evolution and na tu re  of the universe w i l l  have reached one of 
the great  milestones i n  the h i s t o r y  of man, 

N o t  only will t h i s  determinat ion be a s c i e n t i f i c  
achievement of the first magnitude, b u t  it very l i k e l y  w i l l  
have a highly dramatic  impact on the populat ions of every 
nation. All people are i n s t i n c t i v e l y  and deeply i n t e r e s t e d  i n  
how t h e  world began and w h e r e  it is going, 

Such a determinat ion can also be expected t o  capture  
the fascinated attention of every physical scientist  -- men 
and women who have been t r y i n g  for y e a r s  t o  l ea rn  the  t r u t h  
concerning the c r e a t i o n  of the universe  and w h o  are divided 
over the  c o n f l i c t i n g  Explosion, Steady-State and Expansion- 
Contraction theories of leading  cosmologists. 

Astronomers agree t h a t  t h e  only way t o  make such a 
determination i s  through obse r ra t ion ,  They also agree that 
perhaps the l a rges t  remaining obstacle t o  the necessary obser- 
vation i s  acquir ing the c a p i b i l i t y  to observe from a po in t  
undisturbed by the earth's atmosphere, 

This is  w h a t  the 3500-pound8 unmanned Orbi t ing Astro- 
nomical Observatory (OAO) is designed t o  do. 

This is also a p o r t i o n  of our s c i e n t i f i c  sa te l l i t e  
programwhich i s  being funded on a r e l a t i v e  shoestr ing and 
without any p a r t i c u l a r  urgency attached t o  it. 

In view of the p o t e n t i a l  drama and p r e s t i g e  connected 
with the OAO, and in view of the fact  t h a t  it does not require 
excess ive  developmental t i m e ,  i t  is  suggested that this prograii 
be provided w i t h  a d d i t i o n a l  funds and assigned a high p r i o r i t y .  
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The OAO is n o t  dependent on undeveloped boosters ,  
It contemplates use of the  Atlas-Agena B, w h i c h  is i n  exis tence,  
The planned payload for tk first OAO, w h i l e  c m p l i c a t e d ,  pre- 
sents no except ional ly  d i f f i c u l t  problems, The most d i f f i c u l t  
problem connected w i t h  the  OAO ap2ears t o  be the  very high 
order of s t a b i l i z a t i o n  necessary t o  permit an accurate  cha r t ing  
of t h e  heavens -r b u t  h e r e  again t he  basic techniques are 
known. It is a mptter of development. 

I H A L ,  in i ts  1962 recommendations, is asking about 
$5.7 mil l ion f o r  f u r t h e r  development of the payload and 
$12 mil l ion f o r  launch and f l i g h t  units ,  
Budget Bureau f o r  an addi t iona l$7  mi l l i on  for this program w a s  
n o t  approved, which w i l l  slow even the present schedule, 

A request to the  

I The f i r s t  OAO i s  n o t  scheduled for launch u n t i l  la te  

I 
1 speeded up considerably w i t h  the add i t ion  of not  m o r e  than $15 

1963. Indicat ions are, however, t h a t  t h e  program can be 

or $20 mill ion and w i t h  the  assignment of p r i o r i t y  t o  it, 
1 

It is t h e r e f o r e  recommended that: 

(1) The OAO be assigned a l l  necessary funding and 
p r i o r i t y  to get it off t h e  ground at the e a r l i e s t  poss ib le  
m o m e n t ,  Thie should include adequate backups both f o r  launch 
vehic les  and for a v a r i e t y  of payloads, 

(2 )  An ad hoc Cosmology Assessment Board composed 
of about f i v e  noted astronomers (sach as Whipple of S m i t h -  
sonian, Gold of Cornel l ,  Code of Wisconsin, R o m a n  of NASA, 
Mayall of K i t t s  Peak) be formed t o  work o u t  the d e t a i l s  of the  
experiments -- and t o  eva lua te  subsequent r e s u l t s ,  

( 3 )  The emphasis on this program not  be publicized 
u n t i l  the Board i s  ready to release d a t a  which has s i g n i f i c a n t  
cosmological meaning. 

It is recognized that important f ind ings  i n  t h i s  
f i e l d  w i l l  take t i m e  and s tudy and t h a t  they w i l l  n o t  immediately 
be conclusive. Nonetheless i t  is bel ieved t h a t  results w h i c h  
may even point  i n  the d i r e c t i o n  of the t r u t h  concerning the 
nature  of the universe may car ry  an i m p a c t  t o  make our s c i e n t i f i c  
findings t o  da te  pale by Comparison. W e  should n o t  l e t  R u s s i a  
r e p o r t  the first important f ind ings  i n  this f i e l d ,  
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To get moving on this program w e  need n o t  w a i t  for 
the development of a S a t u r n ,  a nuc lea r  rocket or  a l i f e  sup- 
port system. We can  b e g i n  now and cheaply.  

WHAT THE UNITED STATES CAN DO ON AN INTERMEDIATE-TERM BASIS TO GAIN 
AND MAINTAIN WORLD LEADERSHIP IN SPACE TECHNOLOGY 

1. W e  snould  embark immediately upon a back-up ox 
a l t e r n a t e  for t h e  S a t u r n  project, A l l  i n d i c a t i o n s  are tha t  
Saturn w i l l  s l i p .  

2, Indus t ry ,  through NASA or DOD, o r  both, should 
be given  an immediate go-ahead i n  the development of l a r g e ,  
segmented, clusterable solid rocket eng ines  t o  back up the 
Saturn, 

3, A fami ly  of large, first s t a g e  "space  t rucks"  
should be developed so that proper upper-stage r o c k e t  v e h i c l e s  
and our payload program can be e f f e c t i v e l y  planned and designed. 

4. The Rover Project should be pursued v igorous ly ;  
however, since this is one area where we may leapfrog t h e  
S o v i e t s ,  w e  need insurance .  W e  should immediately embark uson 
a back-up nuclear rocket developmGnt, should Rover f a i l  t o  be 
the c o r r e c t  approach. There i s  a great d e a l  of reactor "know- 
how" and rocket engine  "know-how", which I do n o t  b e l i e v e  is 
be ing  u t i l i z e d  to  the fullest i n  ach iev ing  a s u c c e s s f u l  nuc lear  
rocket. 
the Rover Project group monopoly on the  development of nuc lea r  
rocke t s .  

W e  may be over looking  many b r i g h t  i d e a s  by g iv ing  

5 ,  There is need for  s u s t a i n e d  development i n  t h e  
chemical rocket field, despite the a n t i c i p a t e d  s u c c e s s f u l  
development of n u c l e a r  rocket engines .  Both l i q u i d  and 
sol id  rocket  developments must c o n t i n u e  a t  high p r i o r i t y ,  
s i n c e  t h e r e  i s  a p l a c e  for both the chemical and nuc lea r  
boosters i n  the n a t i o n a l  program. 

6, I t  is impor t an t  tha t  m i l i t a r y  des igned  c r i t e r i a  
be incorporated i n  NASA-developed large space t rucks ,  because 
I do not think we can afford to have two agencies running 
parallel programs which will spend many billions of d o l l a r s  
over the 11ext t e n  t o  f i f t e e n  yea r s .  



7. Because large space boosters are so expensive,  
serious thought shou ld  be given t o  d e s i g n i n g  both manned and 
unmanned recoverable systems,  

i 

8 ,  If we a c c e l e r a t e  our space program, we w i l l  soon 
exhaust  our s to rehouse  of basic and a p p l i e d  r e s e a r c h .  W e  m u s t  
put more emphasis,,in these areas by drawing i n  more s c i e n t i f i c  
talent and channejing more funds i n t o  tb fundamentals of basic 
space technology, 

9, W e  should  pursue v igorous ly  our man-in-space 
program. K e  cannot concede the Moon to the S o v i e t s ,  for it is 
conceivable  that the nation which controls the Moon may well 
control t h e  Earth,  

10, The m i l i t a r y  aspects of space  must n o t  be over- 
looked. We should embark upon s e r i o u s  developments i n  t h e  
area of anti-satell i te weapons, covert reconnaissance ,  and other 
o f f e n s i v e  and defensive systems w h i c h  can be done better f r o m  
a space environment than an earth environment,  These develop- 
ments admit tedly w i l l  be expensive, t h e r e f o r e  we must be care- 
ful t h a t  we do not embark upon m i l i t a r y  space systems for the 
pure sake of doing them from s p a c e  if t h e y  can be done more 
e f f e c t i v e l y  and economica l ly  from Earth. 

11, W e  must s t a r t  now t o  plan not only the  explora-  
tion of t h e  Moon, b u t  the  e x p l o r a t i o n  of the p l a n e t s  i f  w e  are 
to wrest the i n i t i a t i v e  i n  this  area from t he  Soviets. The 
d r i v i n g  force which has brought man t o  the l e v e l  of mastery 
of the world around h h  has been h i s  i n s a t i a b l e  i n t e l l e c t u a l  
c u r i o s i t y ,  I b e l i e v e  we are i n  t h e  i n i t i a l  phase of m a n ’ s  
drive t o  break o u t  i n t o  the universe ,  

12. Can we support a broad-based n a t i o n a l  space 
prosram? I have a l r e a d y  s a i d  that  the United States can s u s t a i n  
a massive space e f f o r t ,  and i f  c a r e f u l l y  planned, it can be 
accomplished without c r e a t i n g  undue imbalance i n  our s t r u c t u r e  
for s c i e n t i f i c  r e s e a r c h  and i n  our economy, A $5 b i l l i o n  a 
y e a r  space program r e p r e s e n t s  only about  1% of o u r  gross 
n a t i o n a l  product, even half of which offers r e t u r n s  crucial t o  
the  leaGership, t h e  p r e s t i g e ,  and perhaps even the  s u r v i v a l  
of the  U n i t e d  S t a t e s .  
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QUESTIONS WHICH I BELIEVE SHOULD BE CONSIDERED BY THE SPACE 
COUNCIL 

1, Has there been developed a r ecogn izab le  set of 
n a t i o n a l  space o b j e c t i v e s ?  

2, A r e  w e  merely r e a c t i n g  to Soviet accomplishments 
w i f h  space p r o j e c t s  that  p a r a l l e l  theirs? I f  so, we can never 
hope t o  surpass them because w e  will always be behind- 

3 ,  W i l l  the Space Counci l  s t a f f ,  as now envis ioned,  
be capable of providing the in format ion  the Counci l  w i l l  need 
m a k e  dec i s ions  on a n a t i o n a l  basis? W i l l  the Council  i n s u r e  
that its staff is m a d e  up of knowledgeable civilians, rather 
than u t i l i z i n g  m i l i t a r y  personnel?  

4, W i l l  the Space Council r ev iew both DOD and NASA 
programs, assess them a g a i n s t  the  n a t i o n a l  objectives, limit 
over l ap  and d u p l i c a t i o n ,  and set p l a t e a u s  of achievement? 

5, W i l l  the Space C o u n c i l  have  as i t s  p r i n c i p a l  
o b j e c t i v e  the t y i n g  t o g e t h e r  of our t e c h n o l o g i c a l  g o a l s  i n  
space w i t h  o u r  geopol i t ical  goals? 

6. Does the Space C o u n c i l  i n t e n d  t o  fix program 
r e s p o n s i b i l i t i e s  and write r e p o r t  ca rds?  

7. W i l l  the members of the Space Counci l  cont inue  
to work closely w i t h  the C o m m i t t e e s  i n  Congress charged with 
the l e g i s l a t i v e  r e s p o n s i b i l i t y  for the n a t i o n a l  space ef foris? 

8. W i l l  the Space C o u n c i l  adjudicate DOD-NASA 
c o n f l i c t ?  

9. Since t h e  DOD and NASA m e m b e r s  of the Space 
Council  have an unders tandable  stake i n  the competi t ion f o r  
dol lars  channeled into the n a t i o n a l  space progrzm, w i l l  i t  
be possible t o  m a k e  r ea l i s t ic  program d e t e r m i n a t i o n s  between 
the t w o  without independent staff studies by competent  ex- 
perts nct  connected with either DOD or NASA? 
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10. P r i l l  the Council be s u f f i c i e n t l y  s t a f f e d  to 
develop a national 5, 10, 15, 20 - year program for space 
endeavor whicn t a k e s  i n t o  consideration n o t  o n l y  our tech- 
nolog ica l  goa l s  i n  space, but the i n t e r n a t i o n a l  p o l i t i c a l  
goals of t h  United Sta tes?  



APOLLO: A RETROSPECTIVE ANAL YSlS 

John F. Kennedy, Excerpts from “Urgent National Needs” speech to a Joint Session of 
Congress, 25 May 1961, Presidential Files, John F. Kennedy Library, Boston, Massachusetts. 

This is the section of President Kennedy’s “reading text” of his address to a Joint Session of Congress in 
which he called for sending Americans to the Moon “before this decade is out.” President Kennedy in his own 
hand modified the prepared text of his remarks. The text as written, modified, and ultimately delivered vary 
considerably. Kennedy also ad-libbed three additional paragraphs near the end of his speech. 
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T O  t h i s  e n d  I s o o n  s h a l l  s e n d  t o  t h e  

c o n g r e s s  zi n e a s u r e  t o  ests5lish 2 

s t r e n g t h e n e d  and enlarged 3 i  ss rmai i i ien t  

/,dm i n i s t  r a t  i on. 

intensify a d  improv 

r e s e s r c h  on t h i s  

f o r w z r d  t o  

prevail, w o r  I d  

I X .  S p z c e  

Finally, i f  we a r e  t o  w i n  t h e  

k t - k l e  f o r  ; x d s  ntinds, 
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t h e  d r z r n a t i c  a c h i e v e m e n t s  i n  s p a c e  

w h i c h  o c c u r r e d  in r e c e n t  p e e k s  h m l d  

k e  n a d e  c l e a r  t o  us a l l - t h e  i m p a c t  L’ff; 

‘4 & &m+P&spJ=k 
’h 

,K o qbL t h i s  n e w  f r o n t i e r  o f  human 
I’ 

a d v e n t u r e  S i n c e  e a r l y  i n  my t e r m ,  

o u r  e f f o r t s  i n  s p a c e  h w e  b e e n  u n d e r  

r e v i e w .  W i t h  l f -  

V i c e  

w e  a r e  s t r o n g  and w h e r e  we a r e  n o t ,  
fi 

w h e r e  we rn2y s u c c e e d  z n d  w h e r e  v e  msy 

n o t .  Now i t  i s  t i m e  t o  t a k e  l o n c j e r  

s t r i d e s  - -  t i m e  f o r  a g r e a t  new 

k m e r i c s n  e n t e r p r i s e  - -  t i m e  f o r  t h i s  

n c t i o n  t o  t c k e  L c l e a - 1 ~  l e u i i n g  r o l e  
/ 

) =-P 
.% 

i n  s p a c e  achJ e v e m e n t ,  l&+’ 



1 b e l i e v e  v:e p o s s e s s  all t h e  

m d  d l  t h e  t a l e n t s  

n e c e s s a r y .  B u t  t h e  f s c t s  of t h e  

I n c ; t t e r  & r e  t h a t  we h z v e  n e v e r  m z d e  

t h e  n a t i o n a l  decisions o r  r n a r s h z l l e c !  
C l -  L l l e  i izt  i o n a l  r e s o u r c e s  required -For 

s u c h  l e a d e r s h  i p .  !,','e h a v e  n e v e r  

s p e c i f i e d  l o n g - r a n g e  g o z l s  o n  2 n  

u r g e n t  t i m e  s c h e d u l e ,  o r  m a n z g c d  o u r  

resources and our  t i m e  so as t o  i n s u r e  

t h e i r  fulfillment. 

R e c o g n i z i n g  t h e  h e a d  s t x t  

O b t L i n e d  b y  t h e  Soviets w i t h  t h e i r  

l ; r g e  r o c k e t  e n g i  nes, w h i c h  g i v e s  

them m a y  months o f  lead-t i me, 
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and recognizing the likelihood that 

t h e y  will exploit this l e a d  f o r  some 

time t o  come in still more impressive 

successes, we nevertheless are 

required to make new efforts. F o r  

while we cannot guarantee that we 

s h a l l  one day be first, w e  can 

guarantee that any failure to make 

this effort will f i n d  us last. Ue 

take iin additional risk b y  making it 

in full view o f  t h e  world - -  but as 
shown by t h e  feat of astronaut Shepard, 

this very risk enhances our stature 

when we are successful. But t h i s  i s  

not merely q race. 
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Space i s  open t o  us now; and our  

eagerness  t o  share  i t s  p e a n i n g  i s  n o t  

governed b y  t h e  e f f o r t s  o f  o t h e r s .  \:le 

g o  i n t o  spzce because r h a t e v e r  mank ind  

must u n d e r t z k e ,  f r e e  men must f u l l y  

s h a r e .  

I t h e r e f o r e  a s k  t h e  Congress, 

above m d  beyond the  i n c r e a s e s  I have 

e a r l i e r  r e q u e s t e d  f o r  spzce z c t i v i t i e s ,  

t o  p r o v i d e  t h e  f u n d s  wh ich  a r e  needed 

t o  m e e t  t h e  f o l l o \ l : i n g  n z t i o n a l  g o a l s :  

F i r s t ,  I b e l i e v e  t h a t  t h i s  n a t i o n  

s h o u l d  commit i t s e l f  t o  a c h i e v i n g  t h e  

g o d ,  b e f o r e  t h i s  deczde i s  o u t ,  

o f  l a n d i n g  L man on t h e  moon and 

r e t u r n i n g  h im s a f e l y  t o  e a r t h .  
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N o  s i n g l e  s p z c e  p r o j e c t  i n  t h i s  p e r i o d  

T:iore - . . .- d 7 *  
.'Avd---': , 4 i-" will b e  ctore exc=&+r 

1 f- i L . f . ' r L U *  CLg #.e# :4* .r' y ; 
impressive,, o r  m o r e  i m p o r t z n t  f o r  t h z  

l o n g - r s n g e  e x p l o r a t i o n  o f  s p z c e ;  a n d  

I 1,. l,K 

L-2-- 

none will b e  so d i f f i c u l t  or e x p e n s i v e  

t o  z c c o n p l i  s h .  

s u ~-orL.i-n++e-s + 
will r e q u i r e  

I \ /- s t  i 11 h i  g h e r  s u m s  i n - i h e  

t o  a c c e l e r a t e  

d e v e l o p m e n t  o f  t h e  a p p r o p r i a t e  l u n a -  

s p a c e  craft. \'le p r o p o s e  t o  d e v e l o p  

a l t e r n s t e  l i q u i d  2nd solid f u e l  

b o o s t e r s  o f  m u c h  l a r g e r  than any n o u  

being d e v e l Q e d ,  u n t i l  c e r t a i n  vrhich 

is superior. 
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VIe p r o p o s e  a d d i t i o n a l  f u n d s  f o r  

o t h e r  e n g i n e  d e v e l o p m e n t  a n d  f o r  

u n m a n n e d  e x p l o r a t i  o n s  - -  e x p l o r a t i o n s  

w h i c h  a r e  p a r t i c u l a r l y  i m p o r t a n t  f o r  

o n e  p u r p o s e  w h i c h  t h i s  n a t i o n  w i l l  

n e v e r  o v e r l o o k :  h e  s t i r v i v a 1  o f  t h e  

man w h o  f i r s t  m a k e s  t h i s  d a r i n g  flight. 

B u t  i n  a v e r y  r e a l  s e n s e ,  i t  w i l l  n o t  

be  o n e  man  g o i n g  t o  t h e  m o o n  - -  i t  w i l l  

b e  a n  e n t i r e  n a t i o n .  F o r  a l l  o f  us  

must w o r k  t o  p u t  h i m  t h e r e .  

I 

S e c o n d ,  a n  a d d i t i o n a l  $ 2 3  m i l l i o n ,  

t o g e t h e r  w i t h  $ 7  m i l l i o n  a l r e a d y  

a v a i l a b l e ,  will a c c e l e r a t e  d e v e l o p m e n t  

o f  t h e  R O V E R  n u c l e a r  r o c k e t .  
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p r o m i s e  o f  some d a y  p r o v i d i n g  a means  

f o r  e v e n  m o r e  e x c i t i n g  a n d  a m b i t i o u s  

e x p l o r a t i o n  o f  s p a c e ,  p e r h a p s  b e y o n d  

t h e  moon,  p e r h a p s  t o  t h e  v e r y  e n d s  o f  

t h e  s o l a r  s y s t e m  i t s e l f .  

J h i r d .  a n  a d d i t i o n a l  $ 5 0  m i l l i o n  

will make t h e  m o s t  o f  o u r  p r e s e n t  

l e a d e r s h i p  b y  a c c e l e r a t i n g  fie u s e  o f  

s p a c e  s a t e l l i t e s  f o r  w o r l d - w i d e  

c o m m u n i c a t i o n s .  When we h a v e  ‘nu t  i n t o  

s p a c e  a s y s t e m  t h a t  w i l l  e n a b l e  p e o p l e  

i n  r e m o t e  a r e a s  o f  t h e  e a r t h  t o  

e x c h a n g e  m e s s a g e s ,  h o l d  c o n v e r s a t i o n s ,  
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I 

a n d  e v e n t u a l l y  s e e  t e l e v i s i o n  p r o g r a m s ,  

we w i l l  h a v e  a c h i e v e d  a s u c c e s s  a s  

b e n e f i c i d  a s  i t  w i l l  be s t r i k i n g .  

F o u r t h ,  an a d d i t i o n a l  $ 7 5  

m i l l i o n  - -  o f  wh ich  $ 5 3  m i l l i o n  i s  f o r  

t h e  K e a t h e r  B u r e a u  - -  will h e l p  g i v e  us 

a t  t h e  e a r l i e s t  p o s s i b l e  t i m e  a s a t e l -  

1 i t e  s y s t e m  f o r  w o r l d - w  i d e  w e a t h e r  

o b s e r v a t i o n .  

w i  1 - b e  m a d e b w e l y  1- f 
t h e - n & - - i - c m - s ~ e - - v m r d d  

L e t  i t  be c l e a r  t h a t  I am a s k i n g  
! 

t h e  C o n g r e s s  a n d  t h e  c o u n t r y  t o  a c c e p t  

a f i r r n ’ c o m m i t r n e n t  t o  a n e w  c o u r s e  o f  
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\< L c o u r s e  r h i c h  \?ill l a s t  -For m ~ n y  p- 

an e s t  i iil;iPeci $ 7 3  b i 11 i on zd3 i t i o n d  

o v e r  t h e  n e x t  f i v e  y e z r s .  I f  ~ : e  were  

t o  g o  o n l y  h s l f w y ,  o r  r e d u c e  our  

s i g h t s  i n  t h e  f z c e  o f  d i f f i c u l t y , A t  

more,\., 

commitment o f  s c i e n t i f i c  and t e c h n i c a l  

rnanpocer ,  m L t e r i z t 1  anti f L c i l i t i e s ,  

a n d  t h e  p o s s i b i l i t y  o f  t h e i r  d i v e r s i o n  

f r o m  o t h e r  i n p o r t z n t  ;;ct i v i  t i e s  ;.:here 
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o r g s n i z h t i o n  a d  d i s c i p l i n e  v :h ich h w e  

n o t  zlv:zys c h a r z c t e r i z e d  o u r  r e s e x s h  

2 n d  d e v e l o p m e n t  e f f o r t s .  i t  m e m s  TF! 

c s n n o t  a f f o r d  u n d u e  w o r k  s t o p p q e s ,  

i n f l z t e e  costs o f  t n t e r k l  o r  t a l e n t ,  

h i g h  t u r n o v e r  o f  k e y  p e r s o n n e l .  

New o b j e c t i v e s  2 n d  ne\;. m o n e y  

c a n n o t  s o l v e  t h e s e  p r o b l e m s .  T h e y  

c o u l d ,  i n  f x t ,  a g g r a v z t e  t h e m  

f u r t h e r  - -  u n l e s s  e v e r y  s c i e n t i s t ,  

e v e r y  e n g i n e e r ,  e v e r y  s e r v i c e m z n ,  

e v e r y  t e c h n i c i m ,  c o n f r ~ c t o r ,  Z’nd 

c i v i  1 s e r v a n t  i n v o l v e d  g i v e s  h i s  

I q e r s o n a l  p l e d g e  t h a t  this n s t  i o n  w i  11 
, 



APOLLO: A RElROSPECTlVE ANAL YSlS 

“Concluding Remarks by Dr. Wernher von Braun about Mode Selection for the Lunar Landing 
Program,” 7 June 1962, Lunar-Orbit Rendezvous File, NASA Historical Reference Collection, 
NASA Headquarters, Washington, D.C. 

At the conclusion of an all-day meeting of key NASA personnel over the method of reaching the Moon on 
7 June 1962, Wemher von Braun, director of the Marshall Space Flight Center and one of the most important 
proponents of the “Earth-Orbit Rendezvous” mode, acquiesced his position in favor of a “Lunar-Orbit 
Rendezvous”concept. His reasons fordoing so are presented in this text ofhis remarks at the meeting. The mode 
decision allowed the Apollo program to move forward to final hardware design, a critical component in von 
Braun’s acquiescence in the “Lunar-Orbit Rendezvous” concept for without it meeting the Kennedy mandate 
to land on the Moon before the end of the decade might have been unrealizable. 



CONCLUDIKG R E M A R I S  BY DI:. WI3I<NFiER V O N  B R A U N  
ABOUT MODE SELECTION k'o!: THJ3 L U N A R  LANDING PROGitAM 
G I V E N  TO DR. JOSEPH E'. SHEA,  DEPUTY DIRECTOR (SYSTEMS) 

OFFICE O F  M A N N E D  SPACE FLIGHT 
J U N E  7 ,  1962 

In the prcvipus s i x  h o u r s  w e  presented to you the r e s u l t s  of s o m e  
of the  many s tudies  wc at  M a r s h a l l  have p repa red  in connect ion with 
the Manned Lunar  Landing P ro jec t .  The purpose of all the'se s tud ie s  
was to  identify potential  technical  problcin a r e a s ,  and to  m a k e  sound 
and rea l i s t ic  s chedu l i i~g  e s t i m a t e s .  All s tudies  w e r e  a i m e d  at a s s i s t i n g  
you in your final recommendat ion  with r c s p c c t  to  the mode  to be chosen  
for the Manned Lunar  Landing Pro jec t .  

Our genera l  conclusion is that ;11 f o u r  modes inves t iga ted  a r e  
technically feasiblc  and could be I rnpic inentzd  with enough t i m e  and 
money.  W e  have ,  however ,  a r r ivcd  a t  a definite l i s t  of p r e f e r e n c e s  
in  the following o;der:  

1 .  Lunar  Orbi t  12( ~;dc/.vokih X o d c  - with  the s t r o n g  
reconi incndat io~> ( t o  ~ i > ~ ; i c  t ~ p  for thc l irnitcd 
growth potential  of t h i s  mode) to  in i t ia te ,  s imul-  
taneously,  the devciopment of a n  unmanned,  fully 
au tomat ic ,  one-way C - 5  logis t ics  vehicle .  

2. E a r t h  Orb i t  Rendezvous Mode (Tanking Mode). 

3. C-5 D i r e c t  Mode with m i n i m u m  s i ze  Command 
Module and High Energy  Return.  

4. Nova o r  C - 8  Mode.  

I sha l l  give you the r e a s o n s  behind this conclusion i n  j u s t  one minute .  

But f i r s t  I would l ike  to r e i t e r a t e  once m o r e  tha t  i t  is absolu te ly  
manda to rv  that  we a r r i v e  at  a dciin:te mode  dec is ion  within the next  fcw 
weeks ,  p referab ly  by the f i rs t .  oi July,  1962. W e  a re  a l r e a d y  lo s ing  t i m e  
in o u r  over-all  program a s  a resu l t  of a lacking m o d e  decis ion.  

-- 



F u r t h e r m o r e ,  i f  wc d o  not f r c e z e  the  m o d e  now, we c a n n o t  l a y  out  
a def in i t e  p r o g r a d *  w i t h  a s c h e d u l e  on which  t h e  budgets  for  F Y - 1 9 6 4  a n d  
following can be based. F i n a l l y ,  i f  we d o  not m a k e  a c l e a r - c u t  d e c i s i o n  
on t h e  m o d e  v e r y  boon, o u r  c h a n c c s  of a c c o m p l i s h i n g  the  f i rs t  l u n a r  e x -  
pedi t ion in  tliis d c c a d c  wi l l  i s d c  3 v . a ~  rap id ly .  

I. VJI-IY DO WE RECOivlMEND L i l N . 4 k  OXBIT Z E N D E Z V O U S  h 4 O D E  P L U S  
C - 5 . O N E - W A Y  LOGISTICS V L I i l C L E ?  

a.  W e  be l i evc  t h i s  p rog ram oifci-s t h e  h i g h e s t  conf idence  f a c t o r  
of success fu l  a c c o m p l i s h m c n c  LcJithin t h i s  d e c a d e .  

b. It o i f e r s  a n  adeq l ia tc  p e r f o r m a n c e  n i a r g i n .  With s t o r a b l c  
p r o p e l l a n t s ,  both f o r  the Sc r v i c e  Modiilc: a n 3  L u n a r  E x c u r s i o n  Module, 
we should  have ;1 comfoi - tab le  )J , t t lding w i t h  r e s p e c t  t o  p r o p u l s i o n  p e r -  
f o r m a n c e  and weig l i t s .  T h e  p c i - i o r m a n c c  m a r g i n  cou ld  be  f u r t h e r  i n -  
c r e a s e d  by in i t ia t ion  of a b a c k - u p  d e v e l o p m e n t  aimed at a High E n e r g y  
P r o p u l s i o n  S y s t e m  for  the  S e r v i c e  Mociille and  p o s s i b l y  the  L u n a r  
E x c u r s i o a  Module.  
i f  c u r r e n t  p r o p o s a l s  b y  Rocketdyne  to i n c r e a s e  the  t h r u s t  a n d / o r  
spec i f i c  i m p u l s e s  of the F-1 a n d  5 - 2  e n g i n e s  w e r e  i m p l e m e n t e d .  

Addi t iona l  pe r f o r m a n c c  ga ins  cou ld  be ob ta ined  

c. VJe agree with the  Manned  S p a c e c r a f t  C e n t e r  t h a t  the  
d e s i g n s  of a m a n e u v e r a b l e  hype rbo l i c  r e - e n t r y  veh ic l e  a n d  of a l u n a r  
landing  vehic le  c o n s t i t u t c  the  two most  c r i t i c a l  tasks in p r o d u c m g  a 
s u c c e s s f u l  l u n a r  s p a c e c r a f t .  
into two s e p a r a t e  e l e m e n t s  i s  bound t o  g r e a t l y  s i m p l i f y  the  d e v e l o p m e n t  
of the s p a c e c r a f t  s y s t e m .  Deve lopmen ta l  c r o s s - f e e d  be tween  r e s u l t s  
f rom s imula t ed  o r  a c t u a l  landing  t e s t s ,  on the one hand ,  and r e - e n t r y  
tests, on the o t h e r ,  a re  m i n i m i z e d  i f  no  a t t e m p t  is made t o  inc lude  the  
C o m m a n d  Module in to  the  l u n a r  l and ing  p r o c e s s .  
r a t i o n  of the two func t ions  would v i r t u z l l y  p e r m i t  c o m p l e t e l y  p a r a l l c l  
deve lopments  of the C o m m a n d  Module a n d  the L u n a r  E x c u r s i o n  Module. 
While it m a y  be  d i f f i c u l t  t o  a c c u r a t e l y  a p p r a i s e  t h i s  a d v a n t a g e  in terms 
of m o n t h s  to be g a i n e d ,  we  have  no doubt  w h a t s o e v e r  that such a procedure 
will irideed r e s u l t  in  v e r y  substant ia l  s a v i n g  of t ime.  

A d r a s t i c  s e p a r a t i o n  of t h e s e  t w o  f u n c t i o n s  

T h e  m e c h a n i c a l  sepa-  
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d. W c  bciicvc thd: t!~c: cc l~-~l~: r . ,~ : -? .on  of tlie Lunar  O r b i t  Rendezvous 
Mode ajid a C-5 one-way Logis t ics  Vehici,: oifcrs a g r c a t  growth potcntial. 
Af te r  the f i r s t  successfu l  landing on the moon,  demands  f o r  follow-on 
p r o g r a m s  wil l  essent ia l ly  cen te r  o n  ir.cre;;scd luna r  s u r f a c e  mobil i ty  and ; 
i nc reased  matcris.1 suppl ies  :or sliel:cr, foad, oxygen, sc ien t i f ic  i n s t ru -  
mentat ion,  etc.  It a p p e a r s  that  the Lur;ar Excur s ion  Module, when ref i l led 
with propellants brought down by the Logis t ics  Vehicle,  cons t i tu tes  a n  ideal  
m e a n s  f o r  lunar  su r face  tr;lnsportatIon. 
the 1 / 6  G gravita.tional f ield of the moon, the Lunar  Excur s ion  Module, 
when used a s  a lunar  taxi ,  would have a rad ius  of act ion of a t  l e a s t  40 m i l e s  
f r o m  aroui;lcl the iandiag poin t  of t h e  Logis t ics  Vehicle.  
on the rocky and t r e a c h e r o u s  ltinar t e r r a i n  the Lunar  Excur s ion  Module wi l l  
t u r n  out to be a f a r  m o r e  a t t rac t ive  type of a taxi than a wheeled o r  c a t e r -  
p i l l a r  vehicle. 

F i r s t  e s t i m a t e s  indicate  that in 

It m a y  wel l  be that 

e.  
C-5 offers  a vcry  good chance oi cl!.imc:ely r,rowlnC into a C-5 d i r e c t  
capabili ty.  
Mode because of its need fo r  ;1 IiiLch 1ighLer command module a s  wel l  a s  
a high energy  landing and r e tu rn  propulsion s y s t e m .  While it m a y  be 
unwise to count on the availabi!ity of s u c h  advanced equipment  during this  
decade ( th i s  is w h y  t h i s  mode was  given a number  3 ra t ing)  it a p p e a r s  
en t i r e ly  within r e a c h  i i i  the long  haul. 

W e  believe the Lunar  O r b l i  Rendezvous Mode using a single 

At this t ime  we recommend against  re lying on t h e  C-5 Uirect  

f .  If and when a t  sonic l a t c r  t ime a re l iab le  nuc lea r  t h i rd  s tage  
for  Sa turn  C-5 e m e r g e s  f r o m  the RIFT p r o g r a m ,  the p e r f o r m a n c e  m a r g i n  
f o r  the C-5 Direct Mode will  become quite comfor tab le .  

g. Converse ly ,  i f  the Ad-danced Sa tu rn  C-5 w e r e  dropped  in 
f a v o r  of a Nova o r  C-8,  i t  would completely upse t  all p r e s e n t  plans f o r  
the implementat ion of the RIFT program.  
and the RIFT s tage ,  have a l ready  been le t  and would probably have to  be 
cance l led  until a new p r o g r a m  could be developed. 

Con t rac t s ,  both f o r  the engines, 

h. We conclude from our  studies that an  au tomat ic  pinpoint 
letdown on the l u n a r  su r f ace  going through a c i r c u m l u n a r  o rb i t  and using 
a landing beacon is en t i r e ly  possible.  
l imi t ed  t o  the C-5 Logis t ics  Vchic le  o r  be adopted as  a s e c o n d a r y  mode 
for the Lunar  Excurs ion  Modulc . s  a m a t t e r  that  should be carefu l ly  d is -  
c u s s e d  with the Manned Spacecraf t  Center.  It m a y  well be that  the demand 
for incorporat ion of an  additional automatic landing capabi l i ty  in the Lunar  
Excur s ion  Module buys m o r e  trouble than gains.  

/ 

Whether th i s  method should be 
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i. Thc Lunar Orbi t  !;i:rid~zvous Xodc augrne~l tcd  b y  i t  C-5 
Logist ics  VzIiicic u n d ~ u b ~ c d ! y  ~ f i < : r ~  the c!cancst man6igcr ia l  i n t e r f aces  
between thi: Ma:iiicd S p ~ c c c  r a f t  Ccntc r ,  ivIsrsl~al.1 Spacc Fl ight  Ccnte r, 
Launch Opcr2tions Center  2nd a l l  our  c o n t r a c t o r s .  While the p r e c i s e  
effect  of ibis m a y  be ha rd  t o  appi-zisc, it is a comnionly  acccpted  fac i  
that  the nun-ibcr and  the na ture  of technical  and m a n a g e r i a l  i n t e r f aces  
a r e  very  ;naJor fac tors  i n  condilcting a co r -p l ex  p r o g r a m  on a tight 
t ime  schedule. Tile re a r e  a l r eady  a f r i ~ ! ; t c i i i a ~  numbcr  of i n t c r f aces  
in exis tence in o u r  Manned Lunar  Landing P r o g r a m .  x i e r e  a r e  i n t e r -  
faces between the s tages  of Lhc launch vehicles ,  between launch vehic les  
and spaccz ra f t ,  between complete  space  vehic les  and  the i r  ground equip- 
ment ,  between manned and automatic  checkout ,  and  in  the m a n a g e r i a l  
area be tween the  Cente r s ,  thc Washington  P r o g r a m  Office, and  t h e  
cont rac tors .  
and d isas t rous  e ros ion  of the authori ty  ves ted  in the l ine organizat ion 
and the need fo r  m o r e  coordinat ion meet ings ,  integrat ion g r o u p s  , worlr- 
ing panels ,  ad-hoc c o m m i t t e e s ,  etc. Eve ry  c f for t  should the re fo re  be 
made  to  rcduce the number of technical  and m a n a g e r i a l  i n t e r f aces  t o  a 
b a r e  minimum. 

The plain r e su l t  of too many  i n t e r f a c e s  is a continuous 

j .  C o m p a r e d  lvi th  the C - 5  Direc t  Mode  o r  the  N o v s / C - 8  M o d e ,  
the Lunar Orbit  Re~iclezvous hcode offers the advantage that  1 1 0  exis t ing 
cont rac ts  for  s tages  ( i f  we  go to  Nova) o r  s p a c e c r a f t  s y s t e m s  ( i f  we go 
to C-5 D i r e c t )  have l o  b e  tei-minated; that the c o n t r a c t o r  s t r u c t u r e  in 
exis tence can be retaincd;  that  the con t r ac t  negotiations p re sen t ly  go ing  
on chn be finished under  the  exis t ing s e t  of ground ru l e s ;  tha t  the con-  
t r a c t o r  build-up p rogram (a l r eady  in fuil swing)  c a n  be continued a s  
planned; that  faci l i t ies  a l r eady  authorized and under  cons t ruc t ion  can  
be built a s  planned, e tc .  

k. We at  the Marshal! Space Flight Cen te r  readi ly  admi t  tha t  
when f i r s t  exposed t o  the p roposa l  of the Lunar  Orbi t  Rendezvous Mode 
we were  a bit skept ical  - par t i cu la r ly  of the a s p e c t  of having the a s t ronau t s  
execute  a complicated rendezvous maneuver  a t  a d i s tance  of 240 ,000  m i l e s  
f r o m  the ear th  where  any r e scue  possibi l i ty  appea red  r emote .  
mean t ime ,  however, we have spent  a g r e a t  dea l  of t ime  and effort  studying 
the four  modes,  and we have come to the conclus ion  that th i s  pa r t i cu la r  
disadvantage i s  far outweighed by the advantages l i s t ed  above. 

In the 

We understand that the Manned Spacecraft Center  was also 
quite skeptical  a t  f i r s t  when John Houbolt of Langley advanced the proposa l  
of the Lunar  Orbit  Rendczvous Mode, and tha t  it took them quite a while to 
substznt ia te  the  feasibi l i ty  of the method and f inal ly  e n d o r s e  it. 

AgainsL i h l s  LLckground it can ,  the r e f o r c ,  be concluclcd that  
the iGsue of "irkvented he rc"  v e r s u s  "not invented here"  does no t  apply t o  

C r  



eit]lcr- t h e  Msilncd Spaccc~ .a f t  (3c:::i l- <jr L ~ I C  Marshs l l  Sl’ace F l i g h l  Cct : ic r ;  
that  both Ccn te r s  have actusi ly  c i n i ~ ; . a c c d  a sclieme suggested by c? t l i i rd  

y. 
more  d e t s i l c d  s tudies  O i l  ~ l l  ~ S ~ C C I S  of thc f o u r  modes t i i ~ n  any 0 t h ~ ~  group. 
hloreovcr ,  it is these two C e n t e r s  to  whici: thc Officc o f  Manned Sp;tce Flight 
would ult imately have to  look to ”del iver  tire goods”.  I cons ide r  it for tunate  
indeed fo r  the JManned Lunar  L a n d i n g  P r o g r a m  that  both Cen te r s ,  a f t e r  m u c h  
soul search ing ,  have come  to  idcntical conclas ions .  ’This should givc t.lie 
Office of Manned- Space Flignt sonie  additional ass l i ra i icc  that  our  recoin-  
mendations should not be too f a r  f rom the t ru th .  

- ~ _  
Undoubtedly, pcrsofincl of h:SC ai;d 2,CSFC hiivc b y  ISOW coridclc:cd 

11. WI-IY DO WE NOT RECOMMEND T H E  E A R T H  O R D I T  R E N D , T Z V O U S  M O D E ?  

Let  mc point out again that we at the Marsha l l  Space Flight Cen te r  con- 
s i d e r  the E a r t h  Orbi t  Rendezvous Mode en t i r e ly  feas ib le .  Specifically,  we 
found the Tanking Mode subs tan t ia l ly  s u p e r i o r  t o  the Connecting Mode. 
pa red  to the Lunar  Orbi t  Rendezvous Mode, it even sEcrns t o  o f i e r s o m c w h a t  
g r e a t e r  pe r io rmance  marg in .  
(tanlte i arid manncd lunal- veilicle) a r c  involved, but t h c  pk ri ~ r r n a n c e  i t i a r g i n  
could bc f u r t h e r  en larged  a l m o s t  indefinitely b y  the use  of additional tankers .  

Com- 

This  is t r u e  even i f  o n l y  the nominal two C - 5 ’ s  

VJe have spent  m o r e  t ime  c...n- h e r e  at M a r s h a l l  on s t u d i e s  oi  the 
E a r t h  Orbi t  Rendezvous iMode (Tanking and  Coniiecting Modes)  than c,n aiiy 
o ther  mode. T h i s  is a t t e s t ed  to by s i x  big volumes desc r ib ing  a l l  a spec t s  
of this mode .  
to adopt the Lunzr  Orbi t  Rcndezvous Mode ins tead  - th i s  effort  w a s  in va in .  
E a r t h  Orbit  Rendezvous as a genera l  operat ional  p rocedure  will undoubtedly 
play a m a j o r  ro le  in ou r  ove r -a l l  national space  flight p r o g r a m ,  and the use 
of it is even  mandatory  in developing a Lunar  Orbi t  Rendezvous capabili ty.  

c 

N o r  do we think that in  t h e  light of ou r  f inal  rccornmendation - 

The r easons  why, in  sp i te  of these advantages ,  w e  moved it down to  
posit ion number  2 on our  to tem pole a r e  as  follows: 

a. W e  cons ider  the E a r t h  Orbit Rendezvous Mode m o r e  complex 
and c o s t l i e r  than Lunar  Orbi t  Rendezvous. Moreove r ,  l una r  mis s ion  s u c c e s s  
with E a r t h  Orbi t  Rendezvous requi res  two  consecut ive success fu l  launches.  
Lf, fo r  example ,  a f t e r  a success fu l  tanker launch,  the manned lunar  vehicle 
abor t s  during its a scen t ,  o r  fails to  get off the pad within a ce r t a in  p e r m i s -  
sible per iod  of t ime ,  the f i r s t  ( tanker )  flight m u s t  also be wri t ten off as 
useless for the  mis s ion .  

b. 
Center  and  the Marsha l l  Space Fl ight  Cen te r ,  both, in  the t-echnical and 
m a n a g e m a i t  a r eas ,  would be rnorc diff icul t  if the  E a r t h  Orbi t  Rendczvous 
M o d e  WLS adopteci. For cxJI-::pie, if :hc ta l~iccr  2 s  an  unni~.niicd vchiclc 
was  handled by MSFC, and the fl ight of the maniied l u n a r  vehicle wa3  

The  in te r face  p rob lems  ar i s ing  between the Manned Spacec ra f t  



c. A c c o r d i n g  to  r e p e a t e d  s t a t e m e n t s  by Bob Gi l ru th  the  Apol lo  
Cornmsnd Kodule  in its p r e s e z t l y  e n v i s i o n e d  form is s i m p l y  unsu i t ed  f o r  
l u n a r  Ianding b e c a u s e  of the  p o o r  v i s ib i l i t y  cond i t ions  a n d  the  u n d c s i r a b l e  
supine  pos i t ion  of the  a s t r o n a u t s  d u r i n g  laiiding. 

WFIY DO W E  NOT RECOMMEND T H E  C-5 DIRECT M O D E ?  

c - 
L 

111. 

It is o u r  conv ic t ion  t h a t  the  C-5 D i r e c t  Mode wi l l  u l t i m a t e l y  b e c o m e  
feasible  - once we know m o r e  about hype rbo l i c  r e - e n t r y ,  and oncc u'e 
h a v e  a d e q u a t e  high e n e r g y  p r o p u l s i o n  s y s t e m s  ava i l ab le  t h a t  c a n  bc u s e d  
convexient iy  a n d  r e l i a b l y  on thc  s u r f a c e  of the  m o o n .  With thc  adven t  of 
a n u c l c a r  th i rd  s t a g e  f o r  C - 5 ,  t he  m a r g i n  for  t h i s  capab i l i t y  will bc sub-  
s t an t l a l ly  widcncd, of c o u r s e .  

a. O u r  main r e a s o n  a g a i n s t  r e c o m m e n d i n g  the  C-5 D i r e c t  Mode 
is its m a r g i n a l  we igh t  a l lowance  for  the  s p a c e c r a f t  and  the dcrn;rncl f o r  
h igh  e n c r g y  1-ctui-n p r o p u l s i o n ,  c o m b i n e d  with the  t i m e  f a c t o r ,  all of 
which would i m p o s e  a v e r y  s u b s t a n t i a l  addi t iona l  b u r d e n  on  the  Manned  
Space  c r sf t Cc ntc. r . 

b. T h e  Manned s p a c e c r a f t  C e n t e r  h a s  s p e n t  a g r e a t  dea l  of t i m e  
a n d  e f f o r t  in d c t e r m i n i n g  r e a l i s t i c  s p a c e c r a f t  w e i g h t s .  In the  opinion of 
Bob Gi l ru th  slid Chuck Mathews ,  i t  would s i m p l y  not  be r e a l i s t i c  to e x p e c t  
t h a t  a l u n a r  s p a c e c r a f t  l i gh t  enough to  be u s e d  wi th  the  C - 5  D i r e c t  Mode 
cou ld  be developed d u r i n g  t h i s  d e c a d e  wi th  a n  adequa te  d e g r e e  of c o n f i d e n c e .  

r 

C .  T h e  d e m a n d  for  a h igh  e n e r g y  r e t u r n  p r o p u l s i o n  s y s t e m ,  w h i c h  
is i m p l i c i t  in the C-5 D i r e c t  Mode,  is c o n s i d e r e d  u n d e s i r a b l e  b y  the  Manned  
S p a c e c r a f t  C e n t e r  - a t  the p r e s e n t  s t a t e - o f - t h e - a r t  at l e a s t  - b e c a u s e  t h i s  
p r o p u l s i o n  s y s t e m  m u s t  a l s o  doub lc  up  as  an  e x t r a - a t m o s p h e r i c  a b o r t  
p ropu l s ion  s y s t e m .  For  t h i s  p u r p o s e ,  MSC c o n s i d e r s  a p r o p u l s i o n  s y s t e m  
as simple and r e l i a b l e  as p o s s i b l e  ( s t o r a b l e  a n d  h y p e r g o l i c  p r o p e l l a n t s )  as 
abso lu te ly  m a n d a t o r y .  
s t o r a b l e  v e r s u s  high e n e r g y  p r o p u l s i o n  s y s t e m s  - a n d  t h e i r  u s a b i l i t y  in  
the l u n a r  c u r f a c e  environment  - can be a r g u e d ,  but as l o n g  a s  t he  require-  
m e n t  for " s to rab le s"  s t a n d s ,  t h e  C-5 D i r e c t  Mode is not f e a s i b l e  p c r f o r m a n c e -  
wi se .  

W e  th ink  the ques t ion  of i n h e r e n t  r e l i a b i l i t y  of 
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d. NASA has  a l r e a d y  k e n  saddlcd with one p rogra tn  ( C e n t a u r )  
wherc  the marg in  between pe r fo rmance  c l a i m s  for launch veniclc and 
demands for payload weights  w e r e  drawn too c lose ly .  
i t  prudcnt to  repea t  t h i s  mi s t ake .  

W e  do n o t  cons ide r  

IV. W H Y  DO VJE R E C O M M E N D  AGAINST T H E  NOVA OR C-8 M O D E ?  

It should b e  c l e a r l y  undcrs tood  that our  recommendat ion  aga ins t  the 
Nova o r  C-8  Mode a t  t h i s  t ime  r e f e r s  so le ly  to  i t s  use  as a launch vehicle 
for the implementat ion of the P res iden t ' s  commi tmen t  t o  put a m a n  on the 
moon in this  decade. 
Satur,)  C-5 i s  not the end of the l ine  a5  far a s  m a j o r  launch vehicles  a r c  

'concerned! Undoubtedly. as  w e  shal l  be going about se t t ing  up  a base on 
G , o o n  ana beginning with the manned explorat ion of the planets .  t he re  

will  be a g rca t  need for  launch vehicles more cowerful  than the C - 5 .  
for these purposes  such a new vehicle could be concgived and devcioped 
on a m o r c  relaxed t ime  schedule .  It would be a t r u e  follow-on lz,unch 
veh ic l e .  Al l  of our  s tud ie s  a i m e d  a t  NASA's needs f o r  a t r u e  m a n n e d  
in te rp lane tary  capabi l j ty  indicate ihat a launch vehicle subs tan t ia l ly  
morc powerful than one powered  by eight F-1 engines  would be r e q u i r e d .  
O u r  recommendat ion,  t he re fo re ,  should be fo rmula t ed  as  follows: "Le t  u s  
take Nova o r  C-8 out of the r a c e  of putting a n  Amer ican  on the  moon i n  t h i s  
decade,  but l e t  us  develop a sound concept for a follow-on ' S u p e r n o v a '  launch 
veh ic 1 e". 

W e  a t  Marshall fee1 v e r v  . s t r o n A v  tha t  thc Advanced .  

- 
- 

But 

H e r e  a r e  o u r  r e a s o n s  for recommending  to take Nova or  C - 8  out of the 
p r e s e n t  Manned Lunar  Landing P r o g r a m :  

a. A s  previous ly  s ta ted ,  the Apollo s y s t e m  in its p r e s e n t  f o r m  is 
not landable on the moon. 
changes f r o m  the p re sen t ly  conceived configuration. 
of c o u r s e ,  applicable t o  the E a r t h  Orbit  Rendezvous Mode. 

The  spacec ra f t  s y s t e m  would r e q u i r e  subs tan t ia l  
The  s a m e  a rgumen t  is, 

b. With the S-I1 stage of the Advanced Sa turn  C-5  se rv ing  as a 
second s tage  of a C - 8  (boosted by eight F-1 engines)  we would have an un- 
des i r ab le ,  poorly s taged ,  hybr id  launch vehicle ,  with a payload capabi l i ty  
far below the m a x i m u m  obtainable with the same f i r s t  s t age .  
wise,  with i t s  e scape  capabi l i ty  of only 132, 000 lbs .  ( in  l ieu of thc 1 5 0 ,  000 
lbs. demanded)  it would s t i l l  be too marg ina l ,  without a high ene rgy  r e t u r n  
propuls ion system, t o  land the p resen t  Apoilo Command Module on the s u r f a c e  
of the moon. 

P e r f o r m a n c c -  

c. h f i l e m e n t a t i o n  of the Nova o r  C - 8  pr ,ogram in addition to  
the Advanced Sa turn  C-5 would l ead  to two g ross ly  underfunded and ufidcr- 
managcd  p r o g r a m s  with rcsu l t ing  abjcct f a i l u r e  of both. Lmplemcntation 
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T l ~ c  r a f t e r  hcic)i; of the Michoud plant is  40 feet .  T h e  d idmete r  
As a r e su l t ,  m o s t  of the a s s e m b l y  opcrat iuns f a r  tile 

Only a r e l a -  
of the S-IC is 3 3  f ee t .  
S-IC booL;;c:r oi :hc C-5  can  talte p lace  in a horizontal  posit ion.  
tively I ~ ~ ~ I - C I V . ~  high b a y  tower  m u s t  be a d d e d  to the ma in  building f o r  a f e w  
~ p c r " ~ i o ; l s  which mus t  bc c a r r i e d  out i n  a ve r t i cz l  posit ion.  A N o v a  o r  C - 8  
boos ter ,  howcve;, has  a d i a m e t e r  of approximate ly  50 feet .  Th i s  m e a n s  
that  the i-oof of a v e r y  subs t an t i a l  port ion of t h e  Michoud plant would liave 
t o  be ra i sed  by 15 to 2 0  feet. 
l a rge  high bay a r c 3  where  e v e r y  operat ion invo1ving.cumbersome p a r t s  
would be done in a v e r t i c a l  position. 
a r i s c s  whcther under  these c i r c u m s t a n c e s  the Michoud plant w a s  a good 
select ion to begin with. 

.- 

Another a l te rna t ive  would be to build s very  

In e i the r  c a s e  the v e r y  s e r i o u s  ciuestion 

The foundation s i tuat ion a t  Michoud i s  s o  poor  that cxtcnr,ive 
pile dr iving is  n e c e s s a r y .  T h i s  did not bother  us  when we acqui rcd  t h e  
plant becsusc t h e  m a n y  tliousands of p i l e s  on which it  r e s t s  w c r e  drivcii  
twenty ycai-s a g o  by  somebody e l se .  But if we had  to e n t e r  into ii m a j o r  
pile d r i v i n g  o p e r a t i o n  now,  the question would immedia te ly  a r i s e  a s  t o  
wheificr wc could not find o t h e r  building s i t e s  where  foundations could LJC 
preyLreci chcsper  and  f a s t e r .  

Any t amper ing  with the NASA commi tmen t  t o  u t i l l z e  the Michocd 
plant,  howcver,  would a l s o  affcct  C h r y s l e r ' s  S-I p r o g r a m ,  for  w h i c h  t o o l i n g  
and plant prepara t ion  a r e  a l r e a d y  in  full swing at Michoud. Rais ing t h e  roof 
and driving thousands of piles in Michoud m a y  t u r n  out t o  be imposs ib le  while 
C h r y s l e r  i s  assembl ing  S-1 's  in the s a m e  hangar .  

I n  s u m m a r y ,  the impac t  of a switch f r o m  C-5 t o  Nova /C-8  on 
the very  concept of Michoud, would ca l l  for  a carefu l  and detai led study 
whose outcome with r e s p e c t  to  continued des i r ab i l i t y  of the u s e  of t h c  
Michoud plant a p p e a r s  qui te  doubtful. W e  cons ide r  it m o s t  l ikely that  
discontinuance of the C-5 plan in favor  of Nova or  C - 8  would reopen  the 
en t i r e  Iulichoud dec is ion  and would throw the  e n t i r e  p r o g r a m  into turmoi l  
with ensuing unpredictable de lays ,  The cons t ruc t ion  of a new plant would 
take a t  l e a s t  2 - 1 / 2  y e a r s  to beneficial  occupancy and over 3 y e a r s  to  s t a r t  
of production. 

d. At the Marshall Space Flight C e n t e r ,  cons t ruc t ion  of a s t a t i c  
In i ts  p r e s e n t  f o r m  tliis t e s t  t e s t  stand f o r  S-IC boos te r  is wel l  under  way. 

stand cannot  be u sed  f o r  the  f i r s t  s tage  of Nova OF C-8. Studies  indicate 
that  55.; f s r  2 s  t!ic nc i sc  :eve! is c=ncerncd ,  thcrc wil l  probsbly  bc no e!>- 
jection io f i r i n T u p  cigiit F - 1  engines  a t  MSFC. 

- -- 
However, the  Marsha l l  



t e s t  : ; ~ ~ ; l d  coonsLr'uction p r o g r a m  w o u l d  S c  g r c a t l y  de l aycd ,  r c g a r d l c s s  cf 
w i l ~ ~  ~ p ~ r o ~ c i i  we would Laltc t o  accomn-iodate N o v a / C - 8  s t a g e s .  
s t u d i e s  see in  to i nd ica t e  t h a t  the f a s t e s t  c o u r s e . o f  ac t ion ,  if Nova o r  C-8  
we1.e JdopLcd, would be to  bui ld  

De ta i l ed  

- a b r a n d  new e i g h t  F-1 b o o s t e r  t e s t  s t a n d  sou th  
of t h e  p r e s e n t  S-IC tes t  s t a n d ,  and  

- c o n v c r t  t h e  p r e s e n t  S-IC t e s t  s t a n d  in to  an N-I1 
tes t  s t a n d .  ( T h i s  l a t t e r  conc lus ion  is a r r i v e d  a t  
because the  f i r i n g  of a n  N-I1 s t a g e  a t  San ta  Susaf ina 
is not p o s s i b l e  f o r  sa fe ty  r e a s o n s ,  the  S-I1 p r o p e l -  
l an t  l o a d  be ing  c o n s i d e r e d  the abso lu te  m a x i m u m  
pe  r m i s  s ib l e .  ) 

Thc M i s s i s s i p p i  T e s t  Fac i l i t y  is s t i l l  a."cow p a s t u r e  t h a t  
NASA d o e s n ' t  e v e n  own ye t" ,  and  cannot  c o m p e t e  with any  t e s t  stanci s v a i l -  
ab i l i ty  ti;!tcs in Hun t sv i l l e .  Developmenis  of b a s i c  u t i l i t i e s  ( r o a d s ,  waLer,  
pov.'cr, sev.rdgc, c a n a l s ,  r a i l  s p u r ,  c t c . )  a t  M T F  wil l  r e q u i r e  we l l  G V C I -  a 
y e a r ,  and a11 s c h e d u l i n g  s t u d i e s  ind ica te  i h a t  w h a t e v e r  we bui ld  a t  L4TI.. is 
about 18 m o n t h s  bei2iiid c o m p z r a b l e  fac i l i t i es  bu i l t  in  Huntsv i l le .  
s h o u l d ,  tiic r c f o r e ,  be cons ideTed  sn accep tance  f i r i n g  a n d  p r o d u c t  i r n p r o v c -  
m e n t  s i t e  f o r  Iv l~ ichoud p r o d u c t s  r a t h e r  thak  a b a s i c  d e v e l o p m e n t  s i t e .  

M T F  

e. In view of t h c  f a c t  t h a t  the S-I1 s t a g e  is not power fu l  enough 
for  the Apol lo  d i r e c t  f l igh t  m i s s i o n  prof i le ,  a - s e c o n d  s t a g e  p o w e r e d  b y  
e ight  o r  nine J -2 ' s  o r  two  M-1 ' s  is needed. Such a s t a g e  would a g a i n  be 
on the o r d e r  oi 40 t o  SO f e e t  in  d i a m e t e r .  N o - s t u d i e s  have  been  m a d e  as  
to whe the r  i t  could  be bu i l t  i n  the Downey/Sea l  Beach  c o m p l e x .  
however ,  t ha t  i t s  s t a t i c  t e s t i n g  i n  Santa  Susanna  is i m p o s s i b l e .  
we  would have to t a k e  a n  e n t i r e l y  n e w  look at the  NAA c o n t r a c t .  

It is  c e r t a i n ,  
As a r e s u l t ,  

f .  I have  a l r e a d y  m e n t i o n e d  the d i s r u p t i v e  e f f ec t  a c a n c e l l a t i o n  of 
t h e  C-5 would have  o n  t h e  RIFT p r o g r a m .  

6. One of the  s t r o n g e s t  a r g u m e n t s  a g a i n s t  r e p l a c e m e n t  of the  
Advanced  S a t u r n  C - S  by Nova  o r  C-8  is tha t  s u c h  a dec i s ion  would topple  
our e n t i r c  c o n t r a c t o r  s t r u c t u r e .  It should be r e m e m b e r e d  tha t  the  t c m -  
p o r a r y  u n c e r t a i n t y  abou t  t h e e l a t i v c l y  m i n o r  ques t ion  of w h e t h e r  NAA 
shou ld  assemble a t  Seal B e a c h  or Eg l in  c o s t  u s  a d e l a y  of a l m o s t  half  a 
y e a r .  I th ink  it s h o u l d  not  t a k e  m u c h  imag ina t ion  t o  r e a l i z e  wha t  would 
happen i f  we w e r e  t o  t e l l  Boeing ,  NAA and  Douglas  that  t he  C-5 w a s  out ;  
t h a t  we a r e  going to bu i ld  a b o o s t e r  with e igh t  F-1 e n g i n e s ,  a s e c o n d  
s t a g e  wi th  tight or  n ine  J -2 ' s  o r  m a y b e  two M-l e n g i n e s ;  a n d  that the  
e n t i r e  Drob lem cjf m a n u f a c t u r i n c  a n d  t e s t i n c  facilities m u s t  be  i-c -evaluated. 

7 
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VJC a l r eady  1i;lvc S C \ ~ C Y ~ ~  ti:o,:L;;ind> 0 .  : . ICIX aCiu31ly a t  work  011 tIic;c til1-cc 

s t ages  arid n i a n y  oi tllc111 have been tlir;!oc;tcd f rom their home plants  i n  
~ , p I e m c n t a t i ~ n  of ou:‘ ;>rcscnt  C-5 p r o g r a m .  
thous;ltids of men suspended  (although supported by N A S A  d o l l a r s )  i i i  a 
State of unccrLaintj ove r  ;in ex tended  per iod of n e w  s y s j l c r n s  ami) : s Is ,  
p rogra in  implcmcntst ion s tud ie s  budget resh1Affles s i t e  selecLion p r o -  
c e d u r e s ,  c t c . ,  it i n sy  indeed t u r n  out  t o  be wi se r  to  j u s t  t e rmina tc  the 
exis t ing contracfs  and advise  the c o n t r a c t o r s  that  we will ca l l  thcm b a c k  
Once we have a new p r o g r z m  plan laid o u t  ior  them. W e  have no doubt 
tha t  the terminat ion c o s t s  i n c u r r i n g  to  N A S A  by doing th i s  would eas i ly  
amount  to  severa l  hundred mi l l ion  do l l a r s .  

k i t h e r  than leaving tlicsc 

I have a sked  a s e l e c t e d  group of key Marsha l l  execut ives  
fo r  t he i r  appra isa l ,  in t e rms  of de l ay  of the f i r s t  o rb i ta l  launch,  if t h e  
C-5 was t o  be discontinued and r e p l a c e d  by a Nova o r  C-8 .  The e s t i m a t e s  
of these  m e n  (whose dut ies  i t  would be to  imp lemen t  the  new progrikin) 
va r i ed  between 14  and 24  mon ths  with an  averace e s t i m a t e  of a n  ove r -a l l  
delay of 19 months.  

h,  h appra is ing  the total  loss to NASA, it should a l s o  Lot bc 
ovcrloolted that we a r e  suppor t ing  engine development t e a m s  a t  var iohs  
con t r ac to r  plants at  t he  r a t e  of many  tens  of millioiis of dol1ai.s per  y c a r  
for c v e r y  s t a g e  of C-1 and C-5. If the exact: definition of the s t a g e s  were  
delayed by switching to Nova /C-8 ,  these  engine developinent t e a m s  would 
have to be held on the NASA payro l l  fo r  jus t  that much longer ,  in c r d c r  to 
a s s u r e  p r o p e r  eng ine / s t age  integrat ion.  

i. More than twelve months  of pas t  extensive e f fo r t  a t  the hlLrshall  
Space F l ight  Center  to ana lyze  and define the Advanced Sa tu rn  C - 5  sys te in  in  
a g r e a t  dea i  of engineer ing  de ta i l  would have to be wr i t ten  off a s  a f la t  loss ,  
if we abandoned the C-5 now. T h i s  i tem alone, as ide from the t i m e  i r r e -  
t r ievably  l o s t ,  r e p r e s e n t s  an expendi ture  of over  one hundred  mil l ion d o l l a r s .  

j. The unavoidable uncer ta in ty  in  many a r e a s  c r e a t e d  by a switch 
to Nova o r  C-8 (Can we r e t a i n  p r e s e n t  C-5 c o n t r a c t o r s ?  
fabr ica t ion  s i t e s ?  
to delays  even well in  e x c e s s  of the e s t i m a t e s  given above. 
the poli t ical  p r e s s u r e s  invar iab ly  e x e r t e d  on NASA in connection with fac i l i ty  
s i t ing  decis ions,  i t  i s  quite l ikely tha t  even the NASA A d m i n i s t r a t o r  h u n s e l f  
will  f ind himself f requent ly  unable t o  m a k e  binding dec i s ions  without demsnd in  
f r o m  OMSF a n  ex tens ive  r e - a p p r a i s a l  of a multi tude of i s s u e s  ic la tcd  wlth 
siting. 

Where a r c  thc new 

F o r  in  view of 
Where  a r e  we going to  s ta t ic  t e s t ?  e t c .  ) m a y  eas i ly  l ead  

T h e r e  was ample  evidence of this  during the p a s t  y e a r .  
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a. T h c  L u n a r  Orbit  Rcndezvous Mode be adopted. 

b. A development  of an  unmanned, f u l l y  au tomat ic ,  
one-way C-5  Logis t ics  Vehicle be undertaken in 
suppor t  of the luna r  expedition. 

c. T h e  C - 1  p r o g r a m  as  cstablished today be re ta ined  
ar-ld iliSi, in  Z i C C o i d a i i C e  with piGgiCSS *iX2de ir: S-!'/B 
development ,  the  C- 1 bc gradually rep laced  by the 
c -1B.  

d. A C - 1 B  p r o g r a m  be officially es tab l i shed  and approved 
with adequate  funding. 

e .  T h e  development  of high energy propuls ion sys t ems  
be ini t ia ted as a back-up for the Serv ice  Module and 
poss ib ly  the Lunar  Excursion Module. 

f .  Supplements  to  p r e s e n t  development c o n t r a c t s  to  
Rocketdyne on the F- l  and 3 - 2  engines be l e t  t o  
i n c r e a s e  t h r u s t  a n d / o r  specific impulse.  

Wernher  von Braun,  D i r e c t o r  
George C.  Marsha l l  Space Fl ight  Cen tc r  
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APOLLO: A RETROSPECTIVE ANALYSIS 

George E. Mueller to Director, Manned Spacewaft Center, et al., “Revfsed Manned Space Fllght 
Schedule,” 31 October 1963, “AIL-Up” Decision File, NASA Historlcal Reference Collection, 
NASA Headquarters, Washington, D.C. 

In the fall of 1963, as this document shows, the Deputy Associate Administrator for Manned Space Flight 
made a decision to drop the traditional step-by-step flight tests of rockets and spacecraft components in the 
interest of speeding the development process. Instead, George Mueller told NASA engineers to assemble all  
the stages of the Saturn V rocket along with the command and sewice module and conduct just two or three non- 
piloted test flights of the whole system. This decision became known as the “All-Up” test procedure. It 
accelerated the program by at least several months, paying off on 9 November 1967 when NASA successfully 
launched an “all-up” SatudApollo vehicle. 
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APOLLO: A RETROSPECTIVE ANALYSIS I 
“Report of Apollo 204 Review Board to the Admlnlstrator, National Aeronautics and Space 
Admlnistratlon,” 5 April 1967, Apollo Files, NASA Hlstorlcal Reference Collection, NASA 
Headquarters, Washington, D.C. 

, 
I On 27 January 1967 a fireengulfed the Apollo 204 capsule and killed three astronauts-Gus Grissom, Roger 

Chaffee, and Edward White. Immediately thereafter NASA Administrator James E. Webb appointed Floyd L. 
Thompson, director of the Langley Research Center, as the head of an investigative committee. Its report was I 

I issued on 5 April 1967, the transmittal letter and findings of which are printed here. 



N A T I O N A L  A E G i A U T I C S  A N D  SPACE ADu~NISTRATION 
- \  . 

A P O L L ~ ' ? O ~  R E V I E W  8 O A R D  

A p i l  5 ,  1967 

The Honorable James E .  Webb 
Adm i ii istrator 
National Aeronautics and Space Administrat ion 
Washington, D. C.  20546 

Dear Mr. Webb: 

Pursuant to your direct ive as implemented by  the memorandum o f  
February 3 ,  1967, signed by the Deputy Admin isbator ,  O r .  Robert C. 
Searnans, Jr., the ApoI lo 204 Review Board herewith t ransmits i t s  
f ir ial, formal report, each member concurring in each of the f ind ings ,  
determinations, and recommendations. 

S incere ly ,  

Cha irman / 

- 
Frank Borman, Col . , U S A F  Dr .  Robert  W .  Van Dolah 



BOA R D FINDINGS, D ET E RMINAT I ONS AND RECOMM &DA TIONS 

In  this Rcvieu.  thc Board adhered to thc principle that rclialiility of the Command Module a n d  the 
entire system rn\-ol\cd 111 i t s  op,ri'itioii i s  :I rcquiremcnt conimol1 to both safety and  mission success. 
Once the Coininand \WI I~ *  Ius I d 1  the carth's environment the occupants a rc  totally dependent upon 
i t  for rheir safety I t  follo\vs 1 1 w t  protection from fire as a hazard involves much more than quick 
egress. T h e  latter has mcrit oiily during test periods on ear th when the Command Wodule is being 
readied for its mission and  not during the mission itself. T h e  risk of fire must be faced; however, 
that risk is only one factor pc r~ i i i~ i r lg  to the reliability of the Command  \todule that  inust received 
adequate  considcra1ion Ihsign Twtures and  operaiing procedures that arc intended IO reduce the 
fire risk must 1\01 introduce other scrious risks to mission succcss a n d  safety. 
1 .  F I S D I Y G :  

2. I 'herc \%'as i i  111 ncntar\' po\\c:. failure at  23.30:55 G\lT 
t) Evidencc of sc\cral ili.cs \ \ : I \  Iound 111 thc post firc in\,c.stigation 
c .  So  singer ignitron soiii-cc ol the lirc \\-asconclusively idcritifird. 

T h e  most probable initiiitoi. \ \ : is  J I I  r lec t r i c ; i l  arc in thc sector- bctween the - \  and t Z  spacecraft 
axes. T h e  exact location I m t  fittirig tlx. total available information is ncar the floor in the lower 
forward section of the left-hand equipment h y  \\.here Errvironmenial Control Sysiem (ECS) instrumentat- 
ion pwvcr wiring leads into \he  ~ I Y A  I)et\\c cii the  Environmental Control Unit (E(:Lj) arid the oxygen 
pancl. S o  evidcncc \viis discovcrcd that suggcsrcd sahotagr. 
2. FISDIYG:  

tiguous to p0ssil)lc iyntion wiii.cc-\. 

phcrc 

T 

L) F,T E RMl S :ll- 1 OS : 

a .  T h e  (:ornniand lloc!ulc ( o i i ~ ~ i r i i c ( !  :li<4iIy i y e s   rid clnsscs 01 coitit)iisrilllc 111:11criii1 i n  ai-cas con- 

I). T h c  test \.:A\ l ' o i i d \ i < ~ i : ~ I  \t .:I! .I i f )  ;- : r ~ l i i i i d \  ~ C I '  \ I I : I : I I -C i i i (  !i . I ! ) , i i i k J i ( . .  IO0 I ) I ' I (  t . 1 1 1  ox\.gen at inos-  

D E T E R l I  1 S:\.l'lOS ' 
T h r  t e s t  con r l i~ ion~  \\.ert~ cxtrcinc.!! I ~ . I L \ I I  rli)us 
K ECO X I  I1 FaS [>.A. I .  I 01 
. I h r  amouiit ; i n d  l o c . i r i o i i  Oi c~~:; i i l : : , t i l ) lc  t i i~~ tc i - i i i i~  in riic I:oniniand J lo t lu !~  IIIUSI be srverely 

restricted and  c-oritrolled 
3 .  FINDl.'iG: 

a .  T h e  rapid sprcsd of firc. raiisrd iiicrrasc iii prcssurc ~ i n d  teriiperaturc \\.hicli resulted in rupture  
of the (:ominand JIodulc  irncl c r c ~ i i i ~ ~ r i  of 3 tosic atmosplierc I k a t h  of thc c r c \ \  \<'as from asphyxia 
due co inhalation of tosic gascs duc to I i r c .  A conlriburory r a u w  01 death W J S  tht-rmal burn>. 

b.  Son-uniform distribution of carbox! hemoglobin \vas  lound b y  autopsy 

DE'I'ER h1lS:ITlOS: 
.4utopsy data leads to [ l i e  l~-l(4~(;~l opinion ilia1 uiicoiis(.iousi1(.s~ occurrcd rapidly and that death 

followed soon thcreafter 
4 .  F l S D l S G -  

Due to internal prcssurc, thc Coniniand hlodule inner hiitcli could not be opciled prior to rupture  

D E T  E R M I 9 A T  I 0 .\T : 
T h e  cre\v \\>as never capable of cffecting emergency cgrcss because of the  pressurization before 

RECO;\II\lE.?\'DATI01' 
T h e  time rcquired foi- cpcss  ot rhr creu bc rrducrtl ;irid 111r operatioris necessary for egress bc 

of the Command Xlodule. 

rupture  a n d  their loss of coiixiousncss soon after rupturc. 

simplified. 
5. FISDSXG.  

tiic planning, c o i d u c ~  ,ind 43fcty uf this test tailed 10 identify 
it as bclnghazardous.  Contingency preparations to permit escapc or  rcscuc of the crcw from a n  internal 
Command Module fire were not madc. 

a .  Xo procedures for this type of emergency had becri establishcd eithcr for the crew or for the 
spacecraft pad work teain. 

b. T h e  er-nergency equipn,rn[ located in the White Room and o n  the spacecrafr work levels was not 

T\lOse orgallizations respolI,ii,\c. (01 
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designed for thc sinokc condition resulting from a fire Of this nature 
C .  Emergency fire, rescue and medical teams were not in attendance. 
d .  Both the spacecraft \%.ark levels and the umbilical tower access arm contain features such as steps. 

DETERMl?i.ATlOh': 
.-\dequate safety precautions were ricither established nor observed for this test. 
I< ECO M MEND AT 1 0 N S : 
a .  hlanagement continually monitor the safety of all test operations and assure the adequacy of 

b. All emergency equipment (breathing apparatus, protective clothing. deluge sys tems.  access arm, 

c .  Personnel training and prartire Io1 emergency procedures be  given on a regular basis and reviewed 

d .  Service structures and umbilical towers be modified to facilitate emergency operaiions. 

Frequent interruptiohs and failures had been experienced in the overall coinniunicatioii sssteni during 

DETER 14 I N AT I O N  : 
The overall communication system was unsatisfactory. 
K ECOMR4EYDATION.S: 
a .  T h e  Ground Communication System b e  improved to assure reliable comrnuiiicalions bettveen 

b A detailed design review be conducted OR the entire spacecrafr communication sysrcrn. 

a .  Re\isions to the Operational Checkout Procedure for thr test werc issued at  i : Y O  pm EST ,].~iiuary 

h Differences existed bet\\*erii thc Ground Test Procedures and t h r ,  1 n.Flighi ( :hr ,c  i I + I \ I >  

Seither the re%iision nor  the ddferences contributed to the accidenl Thc  Iatc i s suanw of the 
revision. however, prevented test pcrsonnel from becoming adequatrly familiar \ \ , i t t i  I: tic lest procedure 
prior IO its use 

sliding doors and sharp turns in the egress paths which hinder emergency operations 

emergency procedures. 

etc.)  be reviewed for adequacy 

prior to the conduct of a hazardous operation. 

6 .  F I S D I S G :  

the operations preceding the accident. 

! 

all test elements as soon as possible and  before the next manned flight. 

7. FISDING:  

26. 1967 (209 pages) and 10.00 a m  ESI'January 27, 1967 ( 4  pages) 

DETER M I N h T  I O S  

RECOM MENDAT1 ONS: 
a .  Test Procedures and  Pilot's Checklists that represent the actual Command \lodrile configuration 

be published in final form and reviewed early enough to permit adequate preparation and participation 
of all test organiration . 

b.  Timely distribution of test procedures and major changes be made a constraint to the beginning 
of any test. 
8. FINDING: 

mock-up. 
The fire in Command Module 012 was subsequently simulated closely by  a lest fire in a full-scale 

DETER MINATION: 
Full-scale mock-up fire tests can be used to give a realistic appraisal of fire risks in flight-configured 

RECOMMEND AT I O N :  
Full-scale mock-ups in night configuration be tested to determine the risk of fire. 

The  Command Module Environmental Control System design provides a pure oxygen atmosphere 
DETER MI NATION: 
This atmosphere presents severe fire hazards i f  the amount and tocatlon of combustibles in the Corn- 

KECOh4MENDATIONS: 
a .  The fire safety of the reconfigured Command Module be established by full-scale mock-up tests. 
b .  Studies of the use ol a dilueni gas be continued with particular reference to assessing the probierns 

of gas detection and control and the risk of additional operations that would be required in the use 
of a two gas atmosphere. 

spacecraft. 

9. FINDING: 

rnand Module are not restricted and controlled. 
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10. FISDING: 
Deficiencies existed in Command Module design, workmanship and quality control, such as: 
a .  Components of the Environmental Control System installed in Command Module 012 had a 

history of many removals and of technical difficulties including regulator failures, line failures and 
Environmental Control Unit failures. The design and installation features of the Environmental Control 
Unit makes removal or repair difficult. 

b. Coolant leakage at solder joints has been a chronic problem. 
c .  The coolant is both corrosive and combustible. 

d .  Deficiencies in design, manufacture, installation, rework and quality control existed in the eiec- 

e .  S o  vibration test was made of a complete flight-configured spacecraft. 
f Spacecraft design and operating procedures currently require the disconnecting of electrical con- 

g. So design features for fire protection were incorporated. 
DETERMINATI N .  
These deficiencies created an unnecessarily hazardous condition and their amtinuation would irn- 

RECOMMENDATIONS: 
a .  An in-depth review of all elements, components and assemblies of the Environmental Control 

System be conducted IO assure its functional and structural integrity and to minimize its contribution 
to fire risk. 

b. Present design of soldered joints in plumbing be modified to increase integrity or the joints 
be replaced with a more structurally reliable configuration. 

c. Deleterious efects or coolant leakage and spillage be eliminated. 
d .  Review of specifications be conducted. 3-dimensional jigs bc used in manufacture of wire bundles 

e.  i’ibrarion tests be Conducted of a flight-configured spacecraft 
f .  The necessity lor electrical connections or disconnections with power on within the crew com- 

partment be eliminated. 
g .  Investigation be made of the most effective means of controlling and extinguishing a spacecraft 

fire. Auxiliary breathing oxygen and crew protection from smoke and toxic fumes be provided. 
11 .  FISDING: 

trical wiring. 

nections while powered. 

9 .  
peril any future Apollo operations. 

and rigid inspection at all stages of wiring design. manufacture and installation be enforced. 

An ex amination of operating practices showed the following examples of problem areas: 
a .  The number of the open items at the time of shipment of the Command Module 012 was not 

known. There were 113 significant Engineering Orders not accomplished at the time Command Module 
012 was delivered to SASA; 623 Engineering Orders were released subsequent to delivery. 
22 were recent releases which were not recorded in configuration records at the time of the accident. 

b.  Established requirements were not followed with regard to the pre-test constraints list. The 
list was not completed and signed by designated contractor and NASA personnel prior to the test, 
even though oral agreement to proceed was reached. 

c. Formulation of and changes to pre-launch test requirements for the Apollo spacecraft program 
were unresponsive to changing conditions. 

d .  Son-certified equipment items were installed in the Command Module at  time of test. 
e. Discrepancies existed between NAA and NASA MSC specifications regarding inclusion and pos- 

i t  ion ing of flammable materia Is. 
I .  The  test specification was released in August 1966 and was not updated to include accumulated 

changes from release date to date of the test. 
DETER M IN A T 1  ON: 
Problems of program management and relationships between Centers and with the contractor have 

RECOMMENDAT1 O K :  
Every  effori must be made io insure {he maximum clarification and understanding 01 the responsi- 

bilities of all the organizations involved. the objective being a f u l l y  coordinated and efficient program. 

Of these, 

led in some cases to insufficient response to changing program requirements. 
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APOLLO: A RETROSPECTIVE ANALYSIS 

NASA Apollo Program Director, to NASA Associate Adminlstrator for Manned Space Fllght, 
“Apollo 8 Mission Selection,” 11 November 1968, Apollo 8 Files, NASA Historical Reference 
Collection, NASA Headquarters, Washington, D.C. 

In the aftermath of the tragic Apollo 204 capsule fire in 1967, NASA’s goal of reaching the Moon before 
the end of the decade seemed in jeopardy. It took almost twenty months after the fire, until October 1968,before 
astronauts were launched into orbit aboard an Apollo spacecraft. The success of this test flight. however, 
prompted the Apollo program manager, Air Force General Samuel C. Phillips, to suggest a bold strategy for 
regaining momentum in the lunar landing program. He recommended in November 1968 that the next Apollo 
flight be recast as a circumlunar mission. His memorandum, accepted by the NASA administrator on 18 
November 1968, made possible the dramatic mission of Apollo 8 on 21-27 December 1968. 

I 



Memorandum 
TO : M/Aseociate A d m i n i s t r a t o r  f o r  Manned Space F l i g h t  D A ~ :  

PROM : MA/Apollo Program Director 

11 NOV 1968 

I smpcr: Apollo 8 M a s i o n  S e l e c t i o n  

The purpose of t h l s  memorandum i s  to o b t a i n  your a p p r o v a l  t o  f l y  A p o l l o  8 
on a n  open-ended l u n a r  o r b i t  mission i n  December 1968. 

My recormendat ion is baaed on an exhaurrtive r e v l e u  of  p e r t i n e n t  t e c h n i c a l  
and o p e r a t i o n e l  f a c t o r e  and  a l so  on c a r e f u l  c o n e i d e r a t i o n  of t h e  impact  
t h a t  e i t h e r  a 8 u c c e s s  o r 4  f a i l u r e  i n  this mies ion  w i l l  have on  o u r  
a b i l f t y  t o  c a r r y  o u t  t h e  manned l u n a r  l a n d l n g  In 1969. 

THE APOLliD 8 C '  UMAR ORBIT MISSION: 

Attachment I to t h i s  memorandum c o n t a l n e  a d e t a l l e d  d e s c r i p t i o n  of t h e  
A p o l l o  8 l u n a r  o r b i t  m i s s i o n .  S i g n i f i c a n t  f e a t u r e s  of t h i s  m i s s i o n  p l a n  
a r e :  

Planned Schedule  : 

b u n c h :  0750 EST, 2 1  December 1968 
T r a n s l u n a r  I n j e c t i o n :  1040 EST, 21 December 1968 
Lunar O r b i t  I n s e r t i o n :  

ID11 I n i t i a t e :  (60x170 NM O r b i t )  0457 EST, 24 December 1968 
ID12 I n i t i a t e :  (60 NM C i r c u l a r  O r b i t )  0921 EST, 24 December 1968 

T r a n s e a r t h  I n j e c t i o n :  0105 EST, 25  December 1968 
Landing: 1053 EST, 27 December 1968 

Alternate Schedule:  

Monthly Launch Windows: 21-27 December 1968 o r  as noon t h e r e a f t e r  

Dai ly  Iaunch Windows: Approximately 5 hour8 d u r a t i o n .  
a s  p o s s i b l e .  

Open-Ended Miss ion  Concept: 

A l a r g e  number of a b o r t  and alternate m i s s i o n  o p t i o n s  a r e  p r o v i d e d  
f o r  i n  t h e  Miss ion  P l a n  and a s s o c i a t e d  Mission Rules .  Noteworthy 
examples of  the way I n  which thls open-ended concept  could o p e r a t e  
i n  t h i s  m i s s i o n  a r e  the fol lowing:  

A low e a r t h  o r b i t a l  mfsslon Ln t h e  event  of a "no go" f n  e a r t h  
o r b i t  p r i o r  t o  t r a n s  l u n a r  Fnjec t Lon. 
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Early return to earth in event of certain melfunction condi- 
tions during translunar coast. 

A circumlunar mlssfon in event of a "no go" during checkout 
prior to the lunar orbit insertion burn. 

APOLU) 8 MISSION SELECTION: 

On August 19, 1968, we announced the decision to fly Apollo 8 as a Saturn 
V, CSM-only mission. The basic plan provided for Apollo 8 to fly a low 
earth orbital mission, but forward alternatives were to be considered up 
to and including a lunar orbital mission. Final decision was to be re- 
served pending completion of the Apollo 7 mission and a series of detailed 
reviews of a l l  elements of the Apollo 8 mission including the space vehicle, 
launch complex, operationa.1- support system, and mission planning. 

A~ollo 7 Mission Results: 

An important factor in-the total decision process leading to my 
recommendation has been :nd continues to be the demonstrated per- 
formance of the Apollo 7~Connnand and Service Module (CSM) sub- 
systems, and the compatibility of the CSM with crew functions, 
and the Manned Space Flight Network. Comprehensive understanding 
of all Apollo 7 flight anomslfes and their impact on a lunar 
mission is fundamental-ro arriving at a proper decision. Attach- 
ment I1 to this remoraudum provides a recap of the Apollo 7 flight 
anomalies, their dieposftion, and a statement of any known risk 
remaining on th, proposed Apollo 8 misston together with the 
actions proposed. 

Apollo 4 and Apollo 6 Results: 

The results of the Apollo 4 and Apollo 6 missions, in whlch the 
performance of the 501 and 502 Saturn V launch vehicles was tested, 
have been carefully analyzed. All flight anomalies t-ave been re- 
solved. In particular, the two most significant problems encountered 
in Apollo 6--longitudlnal oscillation or "POGO" efEect in the first 
stage of the Saturn V and the rupture of small propellant lines in 
the upper stages--have been corrected and the solutions verified in 
extensive ground testa. 

Meet Fngs and Reviews : 

The decision process, resulting in my recommendation, has included 
a comprehensive series of reviews conducted over the past several 
weeks to examine in detail all facets of the considerations i n -  
volved in planning for and providing a capabFlity to fly Apollo 8 
on a lunar  orbit mieelon. The calendar for and purpose of these 
meetings are presented in Attachment 1x1. An important milestone 
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was achleved with euccessful completion of the Design Certlficatfon 
Review on November 7 ,  1968. A copy of the signed Design Certlfice- 
tion is appended a8 Attachment IV. 

Pro6 and Cons of a Lunar Orbital Plight: 

My objective through this period has been to bring fnto meaningful 
perspective the trade-offs betveen total program risk and gain 
result1ng:from introduction of a CSH-only lunar orbit mission on 
Apollo 8 Into the total mleelon sequence leading to the earliest 
posslble successful Apollo lunar landing and return. As you know, 
this assessment process is inherently judgmental in nature. Many 
factors have been consldered, the evaluation of which supports a 
recocllmendation to proceed forward with an Apollo 8 open-ended lunar 
orbit mission. Th-e%e factors are: 

PROS : - 
Mission Readiness: 

e 

. The CSH has been designed and developed to perform a 
lunar orbit misslon and has performed very well on 
four unmanned and one manned flights (CSM's 009,  
011, 017, 020, and 101). 

. Ve have learned a l l  that we need in earth orbital 
operation except repetition of performance already 
demonstrated. 

. The extensive qualification and endurance-type sub- 
system ground testing conducted over the past 18 
months on the CSM equiprnents has contributed to a 
high level of systemrnaturlty, as demonstrated by 
the Apollo 7 flight. 

. Performance of Apollo 7 systems has been thoroughly 
revfewed, and no indfcation has been evidenced of  
design deficiency. 

. Detailed analysis of Apollo 4 and Apollo 6 launch 
vehicle anomalies, followed by d e s i g n  modifications 
and rlgorous ground testfng glves us high confidence 
in successful performance of the Apollo 8 launch vehicle. 

. By design all subsystems affecting crew s u r v i v a l  ( E n -  
vlronmental Control System, Electrical Power System, 
Reactlon Control System, and Guidance and Navigation 
System) are redundant and can sufEer significant 
degradation wlthout crew or mtssfon l o s s .  
exceptions are rhe lnjector and thru6t chamber of 

The sole 
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the Service Propulsion Syetem. These two  engine 
components are of simple, rugged design, with high 
structural and thermal safety margins. (See 
Attachment V. ) 

. Excellent coneumables and performance margins exist 
for the firat CSH lunar mission because of the reduc- 
tion in performance requlrernents represented by 
mittlng the welght of the lunar module. An example 
of the predicted spacecraft consumables usage is pro- 
vided below to lllustrate this point: 

Consuqble 
Total 
Usable 

Service Module Reaction Control 1140 
System Propellant (Pounds) 

Connuand- Module Reaction Control 231.2 
System Propellant (Pounds) 

Service Propulsion System 40,013 
Prope 1 lant (Pounds) 

Cryogenic Oxygen (Pounds) 640 

Cryogenic Hydrogen (Pounds) 56 

PROS : 

Effect on Program Proeress: 

Tota 1 
Used Reserve 

2 9 4 . 5  845.5 

29.4 201 - 8  

28,987 11,026 

410 2 30 

40 16 

The l u n a r  orbit mission will: 

. Provide valuable operational experience on a lunar CSM 
mission for flight and ground and recovery crews. T h i s  
vi11 enhance probability of success on the subsequent 
more complex lunar missions by permitting training 
emphasis on phases of these missions as yet untried. 

. Provide an opportunlty to evaluate the quality of MSFN 
and on-board navigation in lunar orbit including the 
effects of local orbit perturbations. This will in- 
crease an t ic ipa ted  accuracy of rendezvous maneuvers and  
lunar touchdown on a lunar landing mission. 

. Permit validation of Apollo CSM communication8 and n a v i -  
g a t i o n  systems at lunar distance. 



. Serve  t o  improve consumables regufrements  p r e d i c t i o n  
t e c h n i q u e s .  

. C o m p l e t e  t h e  f i n a l  v e r i f i c a t i o n  of  t h e  ground suppor t  
e lements  and the  onboard computer programs. 

. I n c r e a s e  t h e  d e p t h  of  unders tanding  of thermal  c o n d i -  
t l o n e  l n  deep s p a c e  and l u n a r  proximi ty .  

t 

. Confirm t h e  a s t r o n a u t s '  a b i l i t y  to  see, u s e ,  and photo- 
graph  landmarks d u r i n g  a l u n a r  m i s s i o n .  

. Provide  a n  e a r l y  o p p o r t u n i t y  for a d d i t i o n a l  photographs 
f o r  o p e r a t i o n a l  and s c i e n t i f i c  u s e s  s u c h  as augmenting 
Lunar O r b i t e r  c o v e r a g e  and f o r  o b t a i n i n g  d a t a  f o r  t r a i n i n g  
crewmen on t e r ra in  L d e n t i f i c a t L o n  under  d i f f e r e n t  l i g h t i n g  
c o n d i t i o n s .  

Mission Readiness:  

. Marginal  d e s i g n  c o n d i t i o n s  i n  the Block 11 CSM may not 
have been uncovered w i t h  o n l y  one manned f l i g h t .  

. The l i f e  of  t h e  crew depends on  t h e  s u c c e s s f u l  o p e r a t i o n  
of t h e  S e r v i c e  P r o p u l s i o n  System d u r i n g  t h e  T r a n s e a r t h  
I n  J ec t i o n  maneuver. 

. The t h r e e  d a y s  endurance level r e q u i r e d  of backup systems 
i n  t h e  e v e n t  of an a b o r t  from a l u n a r  o r b i t  m i s s i o n  is g r e a t t  
t h a n  from a n  earth o r b i t  m i s s i o n .  

CONS : - 
E f f e c t  on Program P r o g r e s s :  

. ValidatLon of Colossus s p a c e c r a f t  s o f t w a r e  program a n d  
Real Time Computer Complex ground s o f t w a r e  program c o u l d  
be accomplished i n  a high e a r t h  o r b i t a l  m i s s i o n .  

. Only landmark s i g h t i n g s  and  l u n a r  n a v i g a t i o n  r e q u i r e  a 
l u n a r  m i s s i o n  t o  v a l i d a t e .  

I m p a c t  of Success  or F a i l u r e  on Accomplishfng Lunar landing, i n  1969: 

A s u c c e s s f u l  miaston will: 

. R e p r e s e n t  a s t g n l f i c a n c  new i n t e r n a t i o n a l  achtevement  tn space.  
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. O f f e r  f l e x i b i l i t y  t o  c a p i t a l i z e  on  s u c c e s s  and advance 
t h e  Trogrese  of t h e  to ta l  program t m a r d s  a l u n a r  landing  
w i t h o u t  unreasonable  r i s k .  

. Provide  a s i g n i f i c a n t  boos t  t o  t h e  morale of t h e  e n t i r e  
Apol lo  program, and a n  impetus which must,  i n e v i t a b l y  
enhance our  p r o b a b i l i t y  of s u c c e s s f u l  l u n a r  landing  i n  1969. 

A m i s s i o n  f a i l u r e  w i l l :  

. Delay u l t i m a t e  a c c a p l l a h m e n t  of t h e  l u n a r  l a n d i n g  miss ion .  

. Provide  program c r i t i c s  an o p p o r t u n i t y  t o  denounce t h e  
Apol lo  8 mfssion as  p r e c i p i t o u s  and unconserva t fve .  

RECOMMENDATION : 

I n  c o n c l u s i o n ,  bu t  w i t h  j h e  p r o v i s o  t h a t  a l l  open work a g a i n s t  t h e  Apollo 8 
open-ended lunar  o r b i t  m i s s i o n  i s  completed and c e r t i f i e d ,  I r e q u e s t  your 
a p p r o v a l  t o  proceed w i t h  the implementat ion p l a n  r e q u i r e d  to s u p p o r t  a n  
earliest December 21,  1968, launch  r e a d i n e s s  d a t e .  

Sam C. P h i l l i p s  
I L t  . G e n e r a l ,  USAF 

Attachments  
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APOLLO: A RETROSPECTME ANALYSIS I 
NASA, Manned Spacecraft Center, “Apollo 11 Technical Alr-to-Ground Voice transcription,” 
July 1969, pp. 317-19,375-77, Apollo 11 Files, NASA Historical Reference Coliectlon, NASA 
Headquarters, Washington, D.C. 

After eight years of all-out effort, nearly $20 billion expended, and three astronauts’ deaths, on 20 July 1969 
Apollo I I  landed on the Moon. The two astronauts who set foot on the surface, Neil A. Armstrong and Edwin 
E. Aldrin, called it in what later astronauts thought of as an understatement, “magnificent desolation.” This 
document contains the radio transmissions of the landing and Amstrong’s first venture out onto the Lunar 
surface. The “CC” in the transcript is Houston Mission Control, CDR is Neil Amstrong, and LMP is Buzz 
Aldrin. 



Tape 66/12 
Page 317 

LMP 
( E A G L E )  

04 06 45 52 
I 

" . :. I v .  
i W e  copy you down, Eagle. 

L '  . 

Houston, Tranquility Base here.  ' -  '2' )4  \- 

04 06 45 57 

04 06 45 59 

cc 

04 06 46 04 CDR 
(-Q) 

Roger, Tranquility. We copy you on the ground.: 04 06 46 06 cc 

- isinFT ea hing again. Thanks a l o t .  1 4 You got a bunch of guys about t o  t u r n  blue. 
i 

04 06 46 16 

04 06 46 18 

04 06 46 23 

cc 

CDR 
(TRAAQ) 

We're going to be busy for a minute. 
-_ 

MASPW ARM, OH. Take care of t h e  ... I ' l l  get 
this, ... 04 06 46 25 

04 06 46 38 V e r y  s m o t h  touchdovn. 

04 06 46 52 ... 

Okay. 
now. 

It looks l i k e  ve're venting t h e  o x i d i z e r  04 06 47 03 

04 06 47 06 

04 06 47 08 

Roger, Eagle. And you are STAY for - - CC 

... 

04 06 47 og 

04 06 47 12 

- -  T1. Over. Eagle, you are STAY for T1. cc 

Roger. Understand, STAY for T1. 

04 06 47 15 

04 06 47 20 

cc Roger. And we see 
\ 

Roger. '... t 



Tape 66/13 
Page 318 

06 48 13 cc 

06 48 17 cc 

0s 06 48 19 cc 

ob 06 48 27 cc 

04 06 SO r;, cc 

. . . c ircu i t  breaker. 

Roger. We have it. 

Houston, how do you read Columbia on the high 
gain? 

Roger - - 
... 

- -  We read you five-by, Columbia. 
landed, Tranquility B a s e .  
i ty.  Over. 

He has 
Eagle is  at Tranquil- 

Yes. I heard the whole thing. 

. . . good shw.  

Fantastic. 

Engine STOP-RESEI . 
Houston, Columbia went m Y  C O W D ,  
RESET, to reacquire on the high gain. 

copy. out. 

Eagle, Houston. You loaded R 2  wrong. We 
vant 10254. 

Roger. 

And do you want V horizontal 5515.21 

That s affirmative. 

Like - ACS to PGNS align. Over. 

Say again? 



04 06 55 49 

04 06 56 02 

Tape 66/14 
page 3l9 

Like an AGS t o  PCNS align. Over. 

Roger. W e ' r e  standing by for it. 

... quantity ... 

Eagle, Houston. You are STAY for W. Over. 

Correction, you're - - 
Roger. STAY for T2. We thank you. 

Roger, s ir .  

Tranquility Base, Houston. We recommend you 
exit Pl2. Over. 

Hey, Houston, t h a t  may have seemed l i k e  a very 
long final phase. 
taking us r ight  into a football-field s ize  - 
football-fleld sized c ra te r ,  with a large num- 
ber of big boulders and rocks for  about ... 
one or t w o  c ra te r  diameters around it, and it 
required a ... in P66 and flying manually over 
the rock f i e l d  t o  find a reasonably good area. 

The A U M  target ing w a s  

Roger. W e  copy. It vas beautiful  from here, 
Tranquility. Over. 

We'U get t o  the  de ta i l s  of vfiat's around here, 
but it looks like a collection of Just  about 
every variety of shape, angularity, granularity, 
about every variety of rock you could find. 
The colors - W e l l ,  it varies pret ty  much depend- 
ing on haw you're looking relative t o  the zero- 
phase point. There doesn't appear to be too 
m h  of a general color at all. However, it 
looks though some of the rocks and boulders, 
of which there are quite a few i n  t h e  near area,  
it looks as though they're going t o  have some 
interest ing colors t o  them. Over. 

Roger. Copy. Sounds good t o  us, Tranquility. 
We'll l e t  you press on through the simulated 
countdown, and we'll talk to you later.  Over. 

Roger. 
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(GOSS 1) 

04 13 18 14 

04 13 18 15 

04 13 l e  28 

04 13 18 29 

04 13 35 51 

04 13 18 53 

04 13 19 16 

Ob 13 19 20 

04 13 19 36 

04 13 19 37 

04 13 19 16 

04 13 19 47 

04 13 19 48 

04 13 20 38 

04 13 20 b0 

04 13 20 41 

04 13 20 56 

Tape 70/22 
Page 375 

That's okay? 

That's good. You've qot plenty of room t o  your 
left. It 's  a l i t t l e  c lose  on the ***. 
H o v  am I doing? 

You're Boing f ine  . 

Giay. Do you vant those bags? 

Yes. Cot it. 

Okey. Houston, I'm on t he  porch. 

Roger, Neil. 

Okay. Stand by, Neil. 

Columbia, Columbis, t h i s  i s  Houston. One minute 
and 30 seccnds t o  LOS. All systems GO. Over. 

Columbia. Thank you. 

Stay where you are a minute, Neil. 

Okay. Need a little s l a c k ?  

You need more e l a c k ,  Buzz? 

Bo. Hold it just a minute. 

c?kay. hrerything's nice  and straight in here. 

*- Three asterisks denote cl ipping of word and phrases. 



(coss NET 1) 

04 13 20 58 

04 13 21 00 

04 12 21 03 

04 13 21 07 

04 13 21 09 

04 13 21 18 

Oh 13 21 22 

04 13 21 39 

04 13 21 42 

04 13 21 54 

dr 13 22 00 

04 13 22 09 

04 13 22 11 

04 13 22 28 

04 13 22 34 

Ob 13 22 48 

04 13 22 59 

Tape 70/23 
Page 376 

Okay. C e n  you p u l l  t he  door open a l i t t l e  more? 
" 7  /') c-l"vh/ .'- w7,, Y , 

A l l  r igh t .  

Okay. 

Did you get t h e  =SA Out? 

I'm going t o  p u l l  it now. 

Houston, the  MESA came d a m  all r i g h t .  

This is Houston. Roger. We copy. And ve're 
standing by for your TV. 

Houston, t h i s  i s  Neil. Radio check. 

Neil ,  this is  Houston. b u d  and clear. Break. 
Break. Buzz, t h i s  i s  Houston. Radio check, end 
ver i@ Tv c i r c u i t  breaker i n .  

Roger, TV c i r c u i t  breaker 's  i n ,  and read you 
flve-square. 

Roger. We're ge t t i ng  a p ic ture  on the  TV. 

You got a good pic ture ,  huh? 

There's a great  deal  of contrast  in it ,  and cur- 
r en t ly  i t 's  upside-down on our monitor, but ve can 
make out a fair mount of d e t a i l .  

Okay. 
I ought t o  have on the  c e r a ?  

W i l l  you ver i fy  the  pos i t ion  - the  opening 

Stand by. 

Okay. 
now. 

Okay. I Just checked ge t t ing  back up t o  that first  
step, Buzz. I t ' s  - not even collapsed t o o  far, but 
it's adequate t o  get back up. 

Neil,  we can see  you coming down the  lwr 

n 



( C O S  m 1) Tape 70/24 
page 377 

04 13 23 10 

01) 13 23 11 

cc Roger. We copy. 

It t&es a p r e t t y  g o d  l i t t l e  ~ m p .  
' 

04 U 23 25 cc Buzz, t h i s  is Houston. F/2 - i j i 6 0 t h  seco;ld 
for shadow photography on the  sequence camera. 

04 13 23 35 Okay. 

04 13 23 38) I ' m  a t  the  foot of t h e  ladder .  The IM footpads 
are on ly  depresscb i n  the s-wfzce &cut 1 GI 
2 inches,  although t h e  surface appears t o  be very, 
very f ine  grained, as you get c lose  t o  it. I t ' s  
almost like a povder. Dovn t he re ,  i t ' s  very fine. 

'7 
1 

04 13 23@ I'm going t o  s t e p  off t he  LM now. db ;-z- 4 c;c-"-" 
THAT'S ONE SMALL STEP FOR MAN, ONE GIANT LEAP 1 
FOR MANKIND. y ; \  

CrJl/ 
And t h e  - t he  surface is f ine  and powdery. I 
can - I can pick it up loosely with qi tce. 
It does &&ere i n  f i n e  layers  l i k e  povdered 
charcoal  t o  t h e  s o l e  and s ides  of my boots .  I 
only go in a smal l  f r ac t ion  of an inch, maybe an 
e igh th  of an inch, but  I can see t h e  f o o t p r i n t s  
of my boots and t h e  t r eads  i n  the  f i n e ,  sandy 
perticles. 

04 13 25 30 

04 13 25 45 

N e i l ,  this is Houston. We're copying. cc 
CDR There seem t o  be  no d i f f i c u l t y  i n  moving around 

as we suspected. I t ' s  even perhaps e a s i e r  than 
t h e  simulations at one-sixth g t h a t  we performed 
'in the various simulations on t h e  ground. I t ' s  
actualJy no t rouble  t o  walk around. Ckay. The 
descent engine did not leave a c r a t e r  of  any s i z e .  
It haa about 1 foot clearance on t h e  ground. 
We're essen t i a l ly  on a very l c v e l  p l ace  here .  I 
can see some evidence of reys emanating from t h e  
descent  engine, but 8 very i n s i g n i f i c a n t  amount. 

04 13 26 5L 

04 13 26 59 

Okay, BUZZ, ve ready t o  br ing  down t h e  camera? CDR 

LKP I ' m  all ready. I think i t ' s  been all squared away 
and i n  good shape. 

04 13 27 03 CDR Okay. 



APOLLO: A RETROSPECTIVE ANALYSIS 

President Richard Nlxon to Director, Apollo Program, 21 March 1972, Rlchard Nlxon Flles, 
NASA Historlcal Reference Collection, NASA Headquarters, Washington, D.C. 

At the conclusion of the Apollo program in 1972 Richard Nixon, who had called in 1969 the Apolln 11 the 
most significant six days in the history of Earth since the creation, wrote a letter of congratulation to the NASA 
team that had camed out the Kennedy mandate of landing on the Moon. Rocco Petrone, Apollo Program 
Director, added his own congratulation to that of the president's in this commemorative document. 



I*, , I ( ,  

4 '  I.. ci 
Fellow Hecnbcrs of t h e  Apol 

h r c h  2 4 ,  1 9 7 2  

o Team: 

I have received the f o l l m  ng l e t t e r  from President Nixon 
l n  which he r a i d  h e  wanted t h e  Apol !o  Tram L O  k n w  hnv much 
t h i r  nation valuea t h e  w o r k  we have done and n r e  doing in 
the  Apollo Program. The letter was addrc,sed c o  me but t h e  
Preeidcnt'm v o r d s  w e r e  really addrrraed L O  e a c h  ot you. 

I am pleared to p a s s  along the Preeidcnt'r words h l c h  each 
of you har done 8 0  much t o  earn. 

Sincerely, 

Rocco A .  Petronc 
Apollo Program Director 

March 2 1 .  1Y72 

Dear Dr .  P e t r o n e :  

Ae we approach the f inal  countdown for A p o l l o  16, I 
want you  and a l l  the m e n  and womcn of A p o l l o  to know 
how m u c h  this nat ion values your splendid  e f f o r t s .  The 
m o o n  f l igh t  p r o g r a m  h a s  captured  the imagination of 
our t i m e e  a e  h a s  n o  other human endeavor. You and 
your  team have .  in fac t ,  wri t ten  the f i re t  chapter  i n  
the h ie tory  of n>an'a explorat ion of space. and a l l  
future ach ieven iente  m u a t  c r e d i t  al l  o f  you for h a v i n g  
b lazed  the path. 

C o u n t l e a e  peeple th roughout  t h c  w o r l d  ~ - 1 1 1  Ri>on be 
rJharinR \vi* y o u  thr t .xcitt~nic~nt of A p o I l o  1 6 ' 8  voy-  
a g e ,  a n d  1 K n f i u  I n p e a k  
to you rny warr i l cut  h e s t  u i e h e s  for a s a f c  and 
e u c c e e s f u l  flight. 

, t r  a l l  o f  them 111 convey ing  

ti, 1 , I  l u c k '  

S i nc c r t- 1 y , 
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